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ABSTRACT 
This thesis examines the current methods of product development used in Japan and 
the West. It focuses on the first stage of product development and investigates the 
various methods used to generate ideas. 
There was not a method suitable to generate completely original ideas when faced 
with a blank sheet of paper. The Delphi Method is a series of questionnaires sent to 
"experts". Until this research, the Delphi Method has always determined future dates 
when new technologies would become available throughout industry. This thesis uses 
the principles of the Delphi Method to generate ideas for new products using a team 
of experts from many different backgrounds. 
The research was completed for DCE Ltd an international manufacturing company 
that develops, designs and manufactures industrial dust control equipment. To ensure 
the idea generation research was compatible with DCE it was necessary to complete 
an extensive study into the company, including customer and competitor research 
studies. 
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1.0.0 INTRODUCTION 
This chapter details the company at the centre of this study, an explanation of the 
reason for the project, an introduction to the Delphi technique and a hypothesis for 
the research. 
1.1.0 Company Details 
DCE Group Ltd design, manufacture and sell dust control equipment. The company 
was founded in 1919 in Leicester and called Dallow Lambert & Co Ltd. It traded as 
a general sheet metal jobbing shop. In the 1930's as health and safety legislation 
increased, the company developed its first dust collector and began to specialise in 
dust control. In the 1960's theThomas Tilling Group, a large holding company, took 
over the company and renamed it, Dust Control Equipment Limited (DCE). They 
injected capital into the company and a state-of-the-art research and development 
department was founded. 
The department developed the revolutionary reverse jet cleaning mechanism. This led 
to the company expanding overseas and the launching of the following companies: 
Germany (1965), South Africa (1970), Australia (1972), France-(1975), USA (1976), 
Benelux (1977), Scandinavia (1978) and Japan (1979). - In the early 1980's the 
company was again taken-over by BTR Plc, a large UK holding company owning 
many of Britain's established industrial companies. During 1987 the company 
launched another subsidiary in Spain. Leicester is still the location for DCE's head 
office and main manufacturing site. The distribution of the products are in a complete 
form to Europe and as sections to Australia and Japan. The assembly of the sections 
take place at DCE's own assembly plants. Due to the scale of the US market it has 
its own manufacturing plant. 
I 
1.1.1 The Reasons for Dust Control 
Dust can be a hazard and a nuisance, a hazard to health either through disease such 
as influenza or due to the possible risk of explosions. Fine dust particles often 
contain positive ions that are potentially lethal fire bombs. This is particularly the 
case if the dust is carbon-based such as coal dust or even icing sugar. Dust is also 
a nuisance if allowed to build up causing harm to machinery. Potential profits can 
be blown away as dust, the most valuable example being gold dust. No company 
wants their product wasted when reclamation and reuse are possible. 
1.1.2 The Products 
DCE manufactures the largest range of dust control filters in the world. The design 
of the filters ensures the maximum effective filtration area into the minimum of space. 
There are three main dust collector ranges these are: 
Unimaster 
Dalamatic 
Sintamatic 
The Unimaster was the first type of dust collector developed by DCE in the early 
1950's and was first called, the Dustmaster. Figure I shows an example of the 
Unimaster range. The technology is relatively simple with a fan extracting the dust 
laden air through fabric filters. Dust is collected on the filter bags and is cleaned by 
a motorised rod attached being shaken. This cleaning process occurs intermittently 
and is automatically done when the unit is shut down. Dust falls into the vessel below 
which can be a bin, hopper, conveyer, silo or other container. Clean air is emitted 
back into the factory or straight to atmosphere. There are savings in energy costs by 
recycling the air in this way because warm air does not escape outside. The 
Unimaster is generally used for single or small dust generation points, and can match 
the users' application precisely as it has over 500 combinations. 
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Figure I 
The design of the Dalamdtic dust collector range is for continuous operation with 
minimum attention required. The filter bags are continually subjected to the action 
of reverse-jet pulses of air. At regular intervals each filter bag in turn receives a brief 
burst of compressed air that dislodges the dust from the bags. Dalamatic filters are 
available in a variety of sizes and shapes to meet all the requirements and come as 
units, cased units and inserts. A unit is similar to the Onimaster type, the only 
difference being the cleaning mechanism. A cased unit is a unit built up in banks and 
tiers to match the configuration required by the customer. There is a fan located 
away from the unit as it is too large to go on top of the cased unit. An insert model 
is a unit without its base with the suspension of the filters in a silo or other container 
at the customer's site. Figure 2 shows a Dalamatic Cased Unit and Figure 3 shows 
a Dalamatic Insertable. 
The Sintamatic uses DCE's most advanced filtration media. This breakthrough 
incorporates a dust filter medium of high-grade porous composites, with a micro- 
porous coating of PTFE. Unlike traditional fabric media this produces rigid self 
supporting filter elements. The dust collection efficiency is unmatched by fabric and 
it has a high resistance to liquids, acids and alkalis. The corrugated surface increases 
filtration area to three times that of conventional fabric filters. This ensures the 
accommodation of the maximum filtration area in the minimum of space. Cleaning 
of the filters is by a reverse jet of air, the same as the Dalamatic. This filter is also 
available in the three designs: unit, cased unit and insert, like the Dalamatic. Figure 
4 shows a Sintamatic Unit. 
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Figure 2 
Figure 3 
Figure 4 
1.1.3 DCE's Product Life CYcles 
In industry a products life is usually long, up to fifty years, however there comes a 
time when sales will start to fall. If there is not development of new products 
quickly, the company is too often talking about being the leader of a market taken by 
another company. 
In practise product life cycles are difficult to construct for industry because often the 
information required to construct them has not been kept since the launch of the 
product. Figure 5 shows the Unimaster life cycle from 1987 (when information was 
first collected) to 1995. There was a boom between 1987 and 1990 and from 1990 to 
mid-1993 DCE was suffering from the world recession. As this is DCE's main 
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product this was still showing a worrying downward trend. 
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Figure 5 
1.1.4 Engineering Processing Capabilities 
DCE has invested in advanced manufacturing machinery and their production facility 
is the preeminent of its type in the world. This with computer aided design and 
manufacturing systems ensures the economic production of many sheet metal 
fabrications. This is the main barrier to entry for DCE's competitors throughout the 
world. A description of the processes involved follow, Table 6 provides a summary 
and is colour coded to a plan of the shop-floor given in Figure 7. 
Cutling - Pre-cut sheets arrive from the steel suppliers and are then loaded into a 
Tivox Steel Store. This is an integral part of the Salvagnini Shearing Centre where 
the sheets are automatically cut to the required component sizes. Each week there is 
a program to cut to MRP (Materials Requirement Planning) requirements to utilise the 
sheet area available with minimum waste. 
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Punching - Several punching machines provide a capability to handle stock sheet sizes 
or pre-cut blanks from the Salvagnini. They punch or laser cut more complex profiles 
into the steel. The Pullmax is directly linked to the office where CNC (Computer 
Numerically Controlled) programs for each part are created. "Nesting" of different 
components on a sheet is possible which reduces waste as more components are cut 
from one blank or sheet. 
Folding - There are several press brake machines used to fold the sheet metal 
components. Two machines are numerically controlled and all the machines are 
hydraulic. Many are fitted with hydraulic clamping facilities that allow extremely fast 
tool changes. Special tools are available to allow many operations including: over- 
folding, flattening, joggling and taper folding resulting in the forming of complex 
contours. 
Forming - For complex blanking and forming, and for volume work, there are power 
presses and dedicated die-sets. The machines operate by utilising energy stored in the 
fly-wheel to produce each stroke. The Rhodes Press incorporates hydraulic clamping 
and intelligent tooling for quick changeover. Two of the other presses are coil-fed 
and are dedicated machines so tool changing is infrequent. 
Welding - The welding section consists of eight bays where there are three welding 
techniques: MIG (Metal Inert Gas), TIG (Tungsten Inert Gas) and spot welding. 
There are two robotic welding cells: one produces consistent high quality welded filter 
bag inserts, the. other welding manifolds. Fettling equipment, angle grinders and 
rotary sanders remove the excess weld material, deburr components and polish 
surfaces. 
Painting - There is an automatic electrophoretic dip paintline, this improves corrosion 
resistance and reduces air pollution emissions. An automatic computer controlled 
gantry moves the work loads smoothly through eight tanks that clean and prepare the 
work for painting, converting the surface to zinc phosphate. Paint uniformly deposits 
onto all surfaces by a cathodic electrocoat process. The oven then cures it for fifty 
9 
minutes. There is a manual spray of a final top coat of paint after the assembly of 
the dust collectors. Spray guns deliver an air drying alkyd paint. The products are 
then packed for delivery. 
Filter Manufacture - DCE manufactures various filter types to satisfy the requirement 
of a wide range of applications. Conventional cloth filter bags with various surfa6e 
treatments used in the Unimaster and Dalamatic ranges are sewn. Sintamatic elements 
are rigid self supporting sintered plastic with a PTFE coating. The polymers are 
poured into a mould and heated in an oven to form the element. 
Test Facilities - To ensure that the products leaving the factory are of an acceptable 
quality (ISO 9001 accredited) DCE has the following test procedures. All units are 
electrically tested in a computerised fan test facility. This ensures the motor currents 
are within specification, additionally insulation and earth checks confirm that all 
cabling is safe and correct. Sintamatic elements are tested on a computerised smoke 
machine that checks for any leaks guaranteeing a high filtration efficiency. Manifolds 
are pressure tested to check the mechanical integrity of the welds. There is a test 
certificate issued and a CE mark attached. The controllers that operate the dust 
collectors are tested using a computerised test rig ensuring that they function 
correctly. This is done by checking the PCB and associated components before 
automatically printing a bar code test label. 
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1.1.5 The Organisational Structure of DCE 
The company has an annual turnover of between ; C40 million and E60 million and 
employs five hundred people worldwide. Agents sell DCE products in areas of the 
world that the subsidiary companies do not cover. 
The Group has three core departments, the development, design and marketing 
departments, these ensure that the whole company has a single identity and growth 
strategy. From concept to launch of any new product all three departments work 
together in teams to ensure the product is a, success. From the discovery of the 
Sintamatic technology in the mid-1980's to today product development has been an 
adaption of the existing product range. 
There is a highly experienced sales team that is a major strength for DCE. Although 
the products are not complicated, technical knowledge is essential so that the 
application of the correct system occurs for each project. 
1.2.0 The Teaching Company Scheme 
Often throughout industry luck is the reason for finding new products. Some are 
deve lopments of an existing range or some are the result of well planned marketing 
research. In the late 1980's DCE Group Ltd perceived the need to expand their 
product mix. A Teaching Company Scheme developed to investigate the present 
product range and try to develop a technique for researching, recognising and setting 
up new product strategies. 
The company had already successfully expanded geographically, if the company was 
to continue its success, it needed to stay ahead of competitors' product development. 
They knew that the last product development, the Sintamatic was more by luck than 
carefully planned product development. The inventor of the Sintarnatic filter media 
contacted a senior manager hoping that DCE was interested. If the inventor chose a 
competitor of DCE they might not have the dominance in the market they appreciate 
13 
today. 
DCE also realised that it was heavily dependent on one product type, the dust 
collector. If a company should develop a better method of dust collection, DCE 
would disappear. Also DCE's main product, the Unimaster, was probably in decline. 
Manufacturing processes had advanced significantly over the past decade resulting in 
larger companies not requiring the standalone intermittent dust collector. The 
Dalamatic range was the best technology in the sixties and seventies but all tile 
competitors had now copied this product. 
The manufacturing capabilities, the worldwide market outlets established and the 
experience of its staff meant that it was in a good position to diversify into another 
area. The product base needed widening into new markets possibly outside dust 
control. Although the manufacturing capability is a major strength of DCE, for this 
research DCE's senior management decided that the current processing capability 
should not be a constraint. There would be funds available for investment into any 
new process if a new product required it. 
DCE realised that time does not stand still and the development of new products 
would ensure success. They had a strong engineering base (development, design and 
manufacturing) but lacked any marketing orientation. The marketing department was 
really a sales support service department. Successful product development cannot 
only rely on engineering skills; it also requires marketing participation. 
1.3.0 The Delphi Method 
Following a preliminary study of DCE that determined the strengths and weaknesses 
of the company there was still a lack of ideas to develop into products. Desk research 
established several methods for generating ideas that are explained in the literary 
review. Even with these methods it would be very difficult for a team of company 
employees to come up with new ideas. To put this into context in 1608 Hans 
Lippershey a Dutch scientist invented the first telescope. This passed through Europe 
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with many interested technical people looking through it to see the bright stars. 
However it was not until it reached Italy and a scientist called Galileo that the use of 
this tool became apparent. With much imagination and creativity it helped to discover 
that the Earth revolved around the Sun. Tools can be useful but there still needs to 
be a degree of creativity and imagination by the users. 
A company audit ensured an understanding of the company's strengths and functions. 
It also resulted in many opportunities but the main one thought to hold the most 
possibilities was the development of the environmental focus of the business. The 
"green" environmental movement was also becoming more relevant during this time 
which supported this opportunity. The company audit also resulted in the 
restructuring of the company by appointing a business development manger to head 
R&D, design and marketing, to ensure that all the disciplines worked together in 
future product development projects. 
As Kotler says (Ref. 1), accurately predicting future technologies is critical to 
survival, so that planning of decisions can happen. Japanese companies are also 
finding this true in the 1990's according to Hibino and Nadler (Ref. 2), in their 
planning and development theory and breakthrough thinking. In summary, as 
Japanese companies are now the market leaders, they can no longer take product ideas 
and develop them. They now have to look to future technologies and work back to 
develop a product. Hibino and Nadler have found that it is not possible to just 
complete company audits, customer and competitor research to develop new product 
ideas. To accomplish this product development must move from a science and 
technology focus to a human one, with holistic rather than analytical thinking. 
A method of idea generation that eliminates the short falls in other methods and 
develops the upcoming Japanese method mentioned above, is the Delphi Method 
which is defined below. 
Kotler (Ref. 1) defines the Delphi Method as the use of a special group of experts to 
make a particular forecast. They do this by supplying individual estimates and 
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assumptions. The reviewing of these by a company analyst follows, then a revision 
followed by further rounds of estimating. Earlier Kotler (Ref. 3) described the Delphi 
Method as a judgemental forecasting method where experts make intelligent guesses 
about the needed magnitudes. 
Kotler's definition uses several terms associated with the Delphi Method. First the 
term experts: they do not have to be academic geniuses but are experts in their own 
field whether that is, office administration or nuclear science. When he says these 
experts will supply individual estimates and assumptions - the Delphi Method has 
traditionally used written questionnaires to ask when certain events will happen. The 
return of an estimate with assumptions to support this follows, these are then 
analysed. If no consensus happens a further questionnaire goes out based on the 
results of the first to probe the experts further. Kotler goes on to make two very 
important points: the experts need to be selected with care and the development of a 
defined process for analysing the results is required before the research starts. 
1.4.0 The Hypothesis 
The supposition was to apply the Delphi technique in an innovative way to derive 
possible new future technologies or product ideas. The traditional development 
processes could then be used to form these ideas into commercially viable products. 
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2.0.0 LITERATURE SURVEY 
British manufacturing has declined and one reason for this is that development time 
of new products is not quick enough in response to competition. This research 
investigates current methods used to develop products in Europe and Japan, including 
existing product development techniques and the role marketing takes. As a result of 
this it becomes clear there is a requirement for a new method of idea generation. 
2.1.0 The Demise of British Manufacturing 
Prior to investigating methods for developing products it is important to understand 
the reasons why products need inventing or upgrading. According to Clutterbuck & 
Crainer (Ref. 4), over the past hundred years there has been a book or major report 
written every year on "Where Did British Industry go Wrong? " At the end of the 
eighteenth century Britain was the leading industrial country of the world. The 
situation is now different because throughout the twentieth century UK manufacturing 
has been in decline. 
There are many explanations given for the decline, which span all socio-economic 
areas. One explanation is that the fall of the empire led to a lack of markets for 
British goods and other countries then traded in places not previously open to them. 
Britain had never had to concern itself with competition before and did not know the 
strategy to ensure its lead continued. Figure 8 shows the decline of British 
Engineering Products in the world market since 1965. 
The Japanese have dominated the electronic industry for some time; the degree to 
which the Japanese have grown in the industrial product market is not as well 
publicised. Figure 8 shows the rapid increase in the percentage of the world exports 
of engineering products that Japan has gained over the past 30 years. All of the 
European countries have declined during this period. 
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Figure 9 shows the shift in the Balance of Payments since 1980. Again Japan is the 
only country to have increased its current account position. Interestingly, since 1985 
the countries with the fastest economic growth have been China, South Korea and 
Thailand (Ref. 5). 
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2.1.1 Possible Reasons for the Decline of British Manufacturing 
As this research focuses on new product development the reasons for decline that are 
explored here are those concerned with product innovation. The problems facing the 
British manufacturing industry need understanding before the examination of methods 
for reversing the situation. 
The UK R&D Scoreboard (Ref. 6) reinforces the lack of commitment to product 
development in the UK manufacturing sector. During 1991 the UK had 11 companies 
in the top 200 international companies regarding R&D expenditure, the US had 72 
and Japan 65, of those 11 none were from the General Manufacturing sector. From 
the top 100 UK companies regarding R&D expenditure, 21 were from the General 
Manufacturing sector. R&D expenditure was 1% of the sales generated for General 
Manufacturing compared to an average of 1.53% for all other industries. R&D 
expenditure was 11.8% of profit for General Manufacturing compared to 16.2% for 
all other industries. 
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According to Pavitt (Ref. 7), for Britain's economic performance and living standards 
to improve relatively to those of other OECD (Organisation for Economic 
Cooperation and Development) countries it will require, among other things, a 
deliberate policy to deal directly with British deficiencies in technical innovation. 
Another way to measure technical innovation is the extent of patenting by countries. 
Figure 10 shows US patents given to France, Germany, Japan and the UK between 
1950 and 1970. Although dated, the figures still show an interesting trend. There 
was a 75 % increase in the number of US patents granted to Japan between 1965 and 
1970: whereas during the same period the UK increased by 2 %, France by 43 % and 
Germany by 18 %. 
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Figure 11 shows that the Japanese take an average of two years to develop products 
whereas British companies take four years. Japan has a fast reaction to technological 
and competitive change. Japanese companies are also looking 10 years ahead 
compared to UK manufacturing companies that often operate within three year plans. 
Akio Morita of SONY Corporation (Ref. 8) gives an example, SONY had the patent 
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licence for the transistor in 1953 but it took more than ten years before the launch of 
a product. This emphasises that the Japanese wait for the right marketing opportunity 
before releasing a product. 
Figure II 
Source: Burr J, Mecliatronics Design in Japan, Institute for Engineering Design, 
1989, IK Publications 89.58A. 
21 
2.2.0 The Role of Marketing in Product Development 
The traditional role of marketing in industrial companies has been to provide the sales 
team with: glossy publications and brochures, sales aids such as pens and ties, the 
organising of exhibitions, advertising and trade press relations. In industrial 
companies outside agencies complete many of these activities. Market research if 
undertaken, is usually completed externally on an ad-hoc basis. In comparison, 
companies from the FMCG (Fast Moving Consumer Goods) industries continually 
monitor the company, it's competitors, customers and the environment. This ensures 
the correct provision of the product or service required by the customer. They also 
undertake sequential product development that the Japanese industrial manufacturers 
have emulated. Marketing needs to take as key a role as research and development 
in all companies to ensure the growth of industry. 
2.2.1 The Core Concepts of Marketing 
Kotler's definition of marketing (Ref. 9): 
"Marketing is getting the right goods and services to the right people at the right place 
at the right time. at the right price with the right communication and promotion. " 
A human need is a deprivation of some basic satisfaction. Maslow's Hierarchy of 
needs, Figure 12, shows human needs. Marketers or engineers do not create these 
needs they exist in basic human biology. People's needs are few as shown in 
Maslow's Hierarchy, but their wants are many. For example a person needs food but 
wants a lobster, needs clothes but wants an Armani suit, needs esteem but wants a 
Rolls Royce. Kotler (Ref. 9) 
Demands are wants for specific products backed up by an ability and willingness to 
buy them. For example many people want a Rolls Royce but only a few are able and 
willing to buy one. This suggests that companies must not only measure how many 
people want their product but how many would be willing and able to buy it. 
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Marketing helps the development of products by understanding the needs of people. 
This would help to avoid the following scenario: a seemingly wonderful product is 
developed in R&D that satisfies a need, there will not however be a demand for it as 
the price is too high. The aim of marketing is to find this out before full production. 
Maslow's Hierarchy of Needs 
Self Actualisation Needs 
(Self -development, Realisation) 
Figure 12 
The purchasing of products are not for their own sake, for example a manufacturer 
does not purchase a dust collector because he needs a dust collector. A manufacturer 
buys the dust collector to eliminate a dust problem. His needs are to have a safer and 
cleaner work place and to operate within legislation. The job of a marketer is to 
determine the benefits of the product rather than describe the features. A product 
oriented company lists product specifications but does not state the benefits of these 
to the customer. Manufacturers of products often overlook the fact tlýat potential 
customers do not necessarily know everything about the products they are about to 
purchase. A list of specifications will not mean anything to most customers they need 
to know how these features will benefit them. 
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Kotler (Ref. 9) states there are many products that satisfy the needs of the customer. 
The customer usually chooses the best valued product when value is the estimate of 
the products capacity to satisfy a predetermined set of criteria. There are ways a 
person can obtain a product that they want, the first is self-production, for example 
a hungry person can relieve hunger by hunting, fishing or gathering fruit. Second is 
coercion, the hungry person can threaten someone else to give him food and by doing 
this no harm comes to the provider. Third is begging, the hungry person can beg for 
the food and only give gratitude. Fourth is exchange the hungry person can offer 
something for food, marketing only arises in this final method. The marketer must 
decide what to exchange and how to satisfy the needs of the person with the benefits 
of the product. 
2.2.2 The Product Life Cycle 
Although it is now established why products exist a product's sales potential and 
profitability will change over time. The product life cycle is an attempt to recognise 
distinct stages in the sales history of a product. According to Kotler (Ref. 9) the 
following four statements must be accepted: 
1. Products have a limited life. 
2. Product sales pass through distinct stages, each posing different challenges to the 
seller. 
3. Product profits rise and fall at different stages of the product life cycle. 
4. Products require different marketing, financial, manufacturing, purchasing and 
personnel strategies in different stages of their life cycle. 
Figure 13 shows a sales and profit product life cycle. The launching of a product into 
the market results in a slow sales growth. Profits are nonexistent because of the 
heavy expenses of design, development and launch of the product. Growth is a period 
of rapid market acceptance and substantial profit improvement. Maturity occurs when 
sales and profits become level. Decline is the period when sales show a strong 
downward drift and the profit margin erodes. 
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All products will begin to decline and eventually disappear, the developing of new 
products is part of this evolving cycle as shown in Figure 14. 
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Figure 14 
L Edwards DCE Group Ltd (1989) 
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2.2.3 The Innovative Company Structure 
After discussing the need for the development of products, the structure for an 
innovative company is examined. Kotler (Ref. 10) has said that companies function 
under a particular management concept. These are most commonly known as: 
production, product, selling or a marketing orientated organisation. In reality the only 
true organisations to fall into one concept are those in the FMCG industries. These 
companies are marketing oriented as they spend time and money on market and 
product research. Money is then spent on mass media advertising to launch products 
in the early stages of their lives. 
Edwards (Ref. 11) believes that industrial companies do not fit so rigidly into one 
concept. They evolve through several stages until the reaching of a balanced 
orientation. The difficulty in reality is deciding what stage the company has reached, 
especially the accomplishment of the final stage. Figure 15 shows the evolution of 
a typical British industrial company. Growth is defined as sales, market share, 
numbers of employees or profit. 
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L Edwards New Product Generation from Theory to Practice (Ref. 11) 
The different stages are described as follows: 
Stage I- Entrepreneurial Management Style 
During the early stages of most industrial companies there is an adoption of an 
entrepreneurial. management style. This is when one or a small group of colleagues 
develop a product for a "niche" in a market. During this period there is a continual 
revision of the product, the company often accepts any project despite the redesign 
being completed as a one-off scheme. This allows the continual modification and 
design of the product. This method of business quickly gains market-share resulting 
in larger returns to reinvest. Financial controls need to exist to ensure there is a 
positive contribution on the special projects. 
Stage 2- Product Orientation 
At this stage the management focus on the quality of the product. There is also 
development of ancillary features so that the customer gets the best product. Often 
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ignored or not even known are the needs'of the customer, for example many slide-rule 
manufacturers thought engineers wanted slide-rules rather than calculating capacity 
overlooking the challenge of pocket calculators. In his widely quoted article 
"Marketing Myopia" Theodore Levitt (Ref. 12) cites numerous examples of product- 
oriented companies in product-orientated industries not knowing what business they 
are (or were) in. Examples such as local transport companies thinking themselves'as 
bus and rail companies rather than the business of providing transportation. 
Stage 3- Production Orientation 
As production techniques improve an achievement of manufacturing larger product 
volumes at lower costs occurs. At this stage the modification of the product results 
in standardisation. This allows the standardisation of the production methods which 
results in higher volumes at lower costs. This stage usually concludes in a rapid 
expansion of the company as more capital is available for research and development, 
market research and company diversification. Roy & Wield (Ref. 13) say that most 
of the proposed solutions to Britain's manufacturing decline since World War Il have 
focused on price competitiveness. In turn this has lead to increased productivity at 
lower costs. The Finniston Report (Ref. 86) reinforces this idea, "... the strengths of 
the advanced countries lie in inventing and exploiting new products and processes, 
incorporating high levels of human skill and knowledge, most of it at the leading edge 
of technology, and in continual incremental improvements to current products and 
processes through reducing production costs. " 
Stage 4- Sales Orientation 
This stage follows the increased production capacity, the company can now expand 
its markets whether it starts exporting to new countries or it increases in its home 
territory. 
Stage 5- Marketing Orientation 
As companies achieve the capability of producing more than demand, the company 
executives become aware of the need for reappraising the marketing role in business 
operations. Cundiff & Still (Ref. 14) explain the change of markets, technology, 
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communications and distribution with the growth and complexity of the company leads 
to the "marketing concept" as a philosophy of management. 
Marketing orientation occurs when all the previous stages are in equilibrium without 
the domination of one management concept. In an industrial company it is when 
technical departments research and work with marketers to develop the future of the 
company. For example as explained by Cundiff (Ref. 14), a technical idea researched 
by the marketing department to ensure that there is a market for the product or service 
before incurring further costs. Alternatively the technical department research the 
potential proposal forwarded by marketing to ensure that it is technically feasible. 
A company should have objectives that each department works towards using their 
own departmental goals. Cundiff (Ref. 14) says a company managed under the 
marketing concept must plan, organise, coordinate and control its entire operation as 
one system. This is then directed towards achieving a single set of objectives 
applicable to the total organisation. Roy (Ref. 13) says that during this stage of 
equilibrium there is a shift towards the quality design value perceived by the 
customer. 
Akio Morita of Sony (Ref. 8) states that, there is a requirement for innovative 
management to keep each link in the chain motivated. This also means that there is 
a treatment of each discipline with the same "prestige level". Akio Morita goes on 
to explain that no company will be innovative unless the Board of the company set 
goals and priorities. The goals must be realistic, clear, challenging and 
communicated to all levels of the company. This will still only work if the company 
environment promotes unity, i. e. that everyone at every level is working for the same 
thing. The larger company therefore returns to the small entrepreneurial stage of 
having an innovative spirit. They all individually know that their efforts will mean 
the success or failure of the company. SONY also rotates jobs to ensure that 
everyone understands marketing. Engineers and scientists understand competition and 
the business enterprise and marketers can appreciate the constraints in design and 
manufacturing. 
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Cundiff (Ref. 14) says that team work is especially important as an organisation 
grows. There is a tendency for departmental walls to rise ever higher causing some 
tasks to be duplicated in different departments. As department heads and others 
holding, bureaucratic positions often seek to build their "own empires". Cundiff 
expands this to say that total integration and coordination of all corporate functions 
into a single operating system achieving company goals is the ideal environment for 
innovative idea generation. 
Three solutions to providing excellent product innovation according to Akio Morita 
of Sony are as follows: 
(1) The first is creativity in technology. 
(2) The second is product planning, the example he gave was that video recording 
technology was first introduced to the consumer market in 1965 but the home video 
market was not born until 1975. That was when the innovative product planners took 
the tape out of the reels and put it into a convenient Betamax cassette for home use. 
(3) The third is creativity in marketing, which he explains as a company having great 
technology and even a great product but this will not be a success until the market is 
informed to welcome the product. 
2.3.0 Existing Product Development Methods 
To establish reasons for the Japanese success in product development a review of the 
methods used there and in Europe is essential. 
2.3.1 The European Product Development Process 
According to Hull (Ref. 15) there are two types of company in the West: companies 
competing with high quality, small production volumes at high prices and companies 
with mass production at low prices. Smalley (Ref. 16) says that European companies 
have to depend on subcontractors. This leads to slow product development times as 
both parties have to achieve a profitable advantage in the set up of any new 
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technologies. In contrast the Japanese try to achieve a high degree of self-supply 
therefore unifying product developers and component manufacturers, which ultimately 
leads to quicker product development times. 
Figure 16 shows the traditional European product development process discussed by 
Booz, Allen and Hamilton (Ref. 17), followed by an explanation of each stage. In the 
FMCG (Fast Moving Consumer Goods) industry this process is extensively used. 
Product Development Process 
UDEA GENERATION 
SCREENING 
I 
BUSINESS ANALYSIS 
PRODUCT DEVELOPMENT 
I 
OTHER DEVELOPMENT 
TEST MARKETING 
I 
COMMERCIALISATION 
Booz, Allen, Hamilton 1968 Management of new products Chicago Illinois 
Figure 16 
Idea Generation - The creation of ideas for development. 
Screening - This is where a review of the ideas takes place to determine whether: 
there is a need for them; the technology is available to develop them and that they 
will be the right price and able to secure enough profit for the company. All these 
are sensible precautions to take but in reality are very difficult to undertake and 
produce accurate data unless there is a huge marketing/information gathering 
31 
resource. In the FMCG industry they produce high volume profitable products that 
can support huge marketing research departments to undertake this. Most engineering 
companies do not have this kind of backing. 
Business Analysis - This stage establishes the investment required for the project, the 
degree of risk and the long term profitability of the project. 
Product Development - Under laboratory conditions there is a test of the product and 
depending on the results a new product brief and time-plan may have to be written. 
Other Development - This stage includes developing the packaging, pricing, naming 
of the product, marketing strategy and preparing for a test market. 
Test Marketing - There is a mini test and pilot to help forecast sales and finally test 
to see if the other stages were accurate. 
Contmercialisation - This is the launch of the product into the market. 
This method does not mention manufacturing and its role in the launch of the product 
after the screening process. In manufacturing industries this method is unfeasible as 
the launch of a successful product involves the team work of all the engineering 
disciplines, marketers, sales and finance departments. 
Figure 17 shows the Process of Technological Innovation developed by Roy (Ref 18) 
which is a more accurate product development process as it includes the engineering 
disciplines. Market research and the research, design and development engineers 
develop and design new products. Then the developing and testing of a prototype by 
the same team occurs. The next stage is the design of the final product by design 
engineering. Once this has happened, manufacturing will begin purchasing new 
tooling and marketing will run final test marketing of the product, packaging and 
launch promotion. The final stage is to manufacture and then launch the product. 
After-sales feed back comments to marketing, research, design and development who 
can then enhance the product. 
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The difference with this method and the Booz, Allen and Hamilton method is this one 
incorporates a "Go/No Go" system and involves the engineering disciplines. At every 
stage there is an assessment undertaken. If a problem arises, the process moves back 
to the last stage rather than leaving problems to accumulate and possibly delay the 
launch date. 
2.3.2 The Japanese Product Development Process 
Unlike the West, Japan has no tradition for formulating design theories and working 
methods. They are obviously successful and this section details some of the reasons 
for this. Jacob Burr has accumulated the following information while studying the 
Japanese product development process (Ref. 19). 
British engineers specialise as early as GCSE level and certainly by the time they join 
the workforce they have specialised in engineering. When they enter the workforce, 
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they usually specialise even further as design, production or development engineers. 
In contrast Japanese engineers have a very general education. On joining their 
employer they have an extensive training scheme that involves job rotation so that 
they learn all aspects of the business. Japanese companies are extremely lucky as they 
can afford the time and money to do this as the employee will work for that company 
for his whole life. Due to the current economic decline Japan is experiencing 
employees are becoming less likely to stay with one employer. This method produces 
engineers that have a broad knowledge of a company and its markets. One main 
advantage of this training is no sharply defined roles. Communication barriers that 
often impede product development projects in Europe rarely occur in Japan. The 
problem with this is that there are fewer specialists to generate ingenious ideas, with 
the economy collapsing this may become a major problem. 
As Japanese companies complete two development cycles to the European one, 
Japanese engineers have far more intense training in product development. They 
learn by experience and by correcting their mistakes. Japanese engineers know a lot 
about their competitors and the market share held by their company. 
The main product development strategy is to simply study the competitors and shorten 
product development simultaneously looking for opportunities for new technologies. 
There are many examples of Japanese companies taking poorly finished product ideas 
from the West and turning them into competitive products that often drive the 
originator out of business. They are also particularly good at incorporating new 
technologies into products. They have learnt very successfully to fill the gap between 
high quality, low volume, high-priced products and high volume, low priced, high 
quality products. 
As Stone (Ref. 20) comments advertising is central to the Japanese success, they are 
true marketers promoting the brand names and company image rather than the product 
features. The branding often promises reliability, which refers to the company, it's 
products and service. Until recently the companies have held strong profitable 
positions it may not be as easy to hold up the image of a company making a loss. 
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Products must also make the right first impression with the customers, for example 
Japanese products always include batteries, plugs, etc. for the convenience of the 
customer. Due to legislation British companies have to do this now. 
To survive in a growth market the company's production level has to increase at least 
as much as the market is expanding to maintain its market share. Increasing the 
production level at a slower rate than the competition results in products becoming 
relatively more expensive as competitors reduce production costs as volume increases. 
Unlike the West, Japan has a very fast flow of information. There are magazines 
about new products giving details of new technologies and design, whereas the West 
tries to keep this information secret. The Japanese engineer believes it to be his duty 
to know everything about his competitors. By stripping down and carefully analysing 
the new products there is a prediction of the next model's specifications. The buying 
and stripping down of large expensive industrial products are often impossible. In 
these cases the engineers rely on exhibitions, product catalogues and customer service 
manuals to study the competitive products in detail. Direct copies of products are 
seldom, but inspiration for new products often occurs from using these methods. A 
Japanese engineer explains that copying industrial products does not make sense as 
one to two years would be lost. The launch of an out-of-date product when 
technology had moved on is senseless. 
Times taken for Japanese product developments are for: large industrial products three 
to five years; machine tools are two to three years and consumer goods six months 
to two years. However between these times small additional features are added, 
including something as simple as a colour change. With small but periodical 
improvements the Japanese company soon puts a wide gap of innovation between its 
own products and the competitions. As explained by Andrews (Ref. 21), the 
common Western response to emerging innovation gaps appears dangerously 
naive. The line of reasoning from the West is: "The Japanese competitors 
are not using any technology or innovation we are not aware of. We could do 
the same if we wanted to. Anyway, it does not do us much good to copy 
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them, our challenges are to "leap frog" them. " While the Western competitors 
consider the virtues of an appropriate response to Japanese innovation the gap 
continues to widen. The probability of a successful leap in technology continues to 
become more unlikely. Patent protection and investment into process technology is 
a stronger strategy for larger products. 
Fast product life cycles only work if customers are willing to replace their products. 
To ensure this happens the Japanese include new technologies, in contrast European 
companies introduce new technologies slowly at high prices. The Japanese consumers 
are far more technically orientated. Figure 18 shows how Japanese companies 
introduce planned failure of productsmuch earlier than the West, taken from Burr 
(Ref. 19). 
The Japanese believe that it does not make sense producing a product that will last ten 
years when the prediction for the obsoleting of the technology is five years. 
Designing for a reliable limited life should produce a cheaper product. Quality 
products built for life is one problem facing Western industry. An example is 
industrial machines used earlier this century that still works today but the technology 
has moved on to smaller quieter manufacturing processes. The Japanese engineers 
optimise the lifetime of the products by carefully choosing: material thickness, plating 
process, plating thickness, motor and solenoid quality, sintered metal bearings instead 
of ball bearings and the quality of the electronic components. 
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2.4.0 The Generation of Product Ideas 
The first stage of product development is the generating of ideas for researching and 
possibly developing into new products. Literature on product development frequently 
does not discuss this area, it assumes there are vast numbers of product ideas just 
waiting for development. 
2.4.1 Why New Ideas are Required? 
As Andrews (Ref. 21) says, genuine innovation of new products has historically 
achieved substantial new levels of sales and profits. Large rewards go to the 
innovators of new technology and creative new product ideas, only new 
development can add substantial sums to future turnover. Sources of genu 
innovation include: inventors, corporation research labs, marketing analysis, 
research and creative entrepreneurs. 
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According to Booz, Allen and Hamilton (Ref. 17) for each new product there is a 
requirement for seven ideas. As Pessemier (Ref. 22) says if there are few original 
ideas there is a limit on the effectiveness of developing promising new products. 
Most companies continue to rely on chance, believing that a good idea will emerge 
with a breakthrough next year. Andrews (Ref. 21) observes that stress should be on 
the quantity of ideas generated and then the quality will look after itself. 
2.4.2 The Organisational Requirements to Stimulate Ideas? 
As Andrews says (Ref. 23), all companies should be interested in product 
development, but what they do about it varies enormously. There needs to be a 
balance between day-to-day business and long term planning which involves all 
disciplines. A product development policy backed by senior management is essential. 
The problem with many new product development policies is that they are born from 
a state of panic, when sales fall and price wars begin. The elimination of ad-hoc 
product development will arise by actually using the policy and not just talking about 
it. So that there is an avoidance of possible opportunities, the business development 
policy should continue to develop as an ongoing process. 
As explained by Calantone (Ref. 24), more efficient product development will occur 
when the tendency of looking at new products solely through divisional responsibility 
rather than at the benefit towards the whole company stops. Examples of this follow: 
production want new products to enable the ordering of new manufacturing 
machinery and the chairman wants a new product before he retires. 
The main features of failure according to Andrews (Ref. 25) are the lack of 
development policy and poor organisational structure of the company. If these are not 
in place it does not matter how good an idea is, it will not succeed. The ideal 
organisational environment according to Sowrey (Ref. 26) is informal with a flat 
management hierarchy. Roy (Ref. 27) says that one-sided innovations are less likely 
to succeed. An enthusiastic scientist, inventor or engineer who neglects the specific 
requirements of the potential market or the costs of his product is likely to fail as an 
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innovator. An entrepreneur who lacks the necessary scientific competence to develop 
a satisfactory product will fail as an innovator, no matter what his appreciation of the 
potential market. 
Roy (Ref. 27) observes that innovation is a coupling process between the minds of 
imaginative people. An idea forms at the ever-changing interfaces between science, 
technology and the market. Almost all theories of discovery and creativity stress the 
idea of imaginative association or combination of ideas previously regarded as 
separate. It can take a long time from this stage to success, e. g. the innovation of 
Rayon was 200 years after it was invented; computers at least 100 years after and the 
aeroplane took even longer. The communications within the firm and between the 
company and its prospective customers are a critical element in its success or failure. 
A summary of what Roy (Ref. 27) sees the successful innovating firms having, 
follows: 
(1) Strong in-house professional R&D. 
(2) Performance of basic research or close connections with those conducting such 
research. 
(3) The use of patents to gain protection and to bargain with competitors. 
(4) Large enough to finance heavy R&D expenditure over long periods. 
(5) Shorter lead-times than competitors. 
(6) Readiness to take high risks. 
(7) Early and imaginative identification of a potential market. 
(8) Careful attention to potential market and substantial efforts to involve, educate and 
assist users. 
(9) Entrepreneurial spirit strong enough to effectively coordinate R&D, production 
and marketing. 
(10) Good communications with the outside scientific world and customers. 
According to Peters (Ref. 28) attributes for commercially successful innovative 
companies are as follows: 
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(1) A bias for action, e. g. developing prototypes and trying them out on customers 
within weeks. 
(2) Sticking close to the customer, e. g. listening intently and regularly to customers. 
(3) Encouraging entrepreneurs, e. g. encouraging internal innovation by turning a 
blind-eye to product development "on the side". 
(4) Respect for individuals and open-door management policies. 
(5) Hands on, value driven management with common culture of attitudes and shared 
beliefs throughout the organisation. 
(6) Stick to the knitting - to stay in familiar business you know how to run. 
(7) Simple form, lean staff, e. g. with small head offices. 
(8) Simultaneous loose-tight controls, e. g. giving autonomy down to shop-floor level 
but insisting on certain core values. 
2.4.3 Problems with New Product Development 
A problem with new product development is the associated cost. As Andrews (Ref. 
29) says, even when a product might fail, due to costs already met many companies 
do not drop the product. This very short term view often arises, the cost of 
successfully launching a product is immense and if a product looks likely to fail it 
must stop. Andrews goes on to say that revitalisation of existing products is much 
cheaper and less risky. The problem with this is money pumped into dieing products 
stops new product development. Andrews (Ref. 30) looks at the risks of product 
development in the following way: 
Strengths and weaknesses in new or unfamiliar markets 
Moomb Mot= I MMUCIr I mxkm I Ins, 
br%VIU. bVMVT -, PER U Ust UM= X=ZMERT 
Product improvement in Strong Strong Low Risk 
existing market 
New product in familiar market Fair Strong Average Risk 
Genuine new product in new Weak Weak 1, isk High Risk 
market 
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The intense psychological pressure to cut corners on research and make the product 
is a reason for failure. This is also why so many new products that should really 
have been screened beforehand get into test markets. Andrews (Ref. 3 1) says that 
anyone can get a product on to a market quickly, but the difficult thing is getting it 
right! 
Douglas, Kemp and Cook (Ref. 32) found that 80% of new products on the market 
fail. Failures transpire due to companies badly organised for product development. 
New product development is often left until all existing product enhancements have 
occurred. The elimination of this occurs by analysing the companies strengths and 
opportunities. 
Banting (Ref. 33) points out that a frequent cause of failure in new product 
development is the lack of customer orientation. Cooper and Kleinschmidt (Ref. 34) 
researched unsuccessful new industrial products and found that a strong marketing 
orientation was frequently absent. Innovative ideas often come from technology-push 
innovation that proceeds without clearly defined needs of the customer. 
Sowrey (Ref. 35) says that idea generation remains a neglected topic. In the 
development process this stage is probably the most important as without ideas to 
develop the other stages cannot take place. As stated by Buggie (Ref. 36)"... firms 
that leave the process to a hit or miss situation will, most of the time, do just that - 
missl" 
As Oakley (Ref. 37) says low quality ideas go through the development process and 
frequently companies rush into design exercises without any clear specification for 
their new products. The "snowball effect" sets in where it is impossible to stop the 
momentum of developing new products. This leads to the situation where the 
development of anything and everything happens for the sake of developing. 
According to Sowrey (Ref. 35) it appears essential to establish an effective idea 
generation system. This will embrace both analytical and creative techniques, which 
are likely to be the most productive in generating ideas for successful new products. 
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2.4.4 Methods of Generating New Ideas 
When undertaking product development,. ideas are first sought from information that 
is accessible. There are three areas: information in the organisation itself, 
information from an organisation similar to itself, i. e. competitors and finally 
information from users of the organisation, i. e. customers. These areas will stimulate 
many ideas for new product development but in industry it is rare to research all three 
areas. 
There are many reasons for not gathering this information the main ones are time and 
resource. This data needs to be collected and analysed in a formal approach at 
frequent intervals to have any long term success. Product development and generation 
of ideas should be continuous in an organisation, not an ad-hoc process. 
Obtaining the required information takes time and a degree of persistence and 
certainly the backing of senior management. Many experts in the company do not 
voluntarily come forward as they often do not realise they hold all this valuable 
information. It is just part of their job and general experience after working for the 
company for years. Others believe that knowledge is power and keep this close to 
themselves until the opportunity arises for their promotion. The latter are very 
dangerous employees as they are only interested in their short term gains, not the 
company's long term objectives. 
There are many sources for new ideas outside the company Sowrey (Ref. 38) included 
these: inventors, patents, licensing, joint ventures, acquisitions, suppliers, student 
projects, sponsored research, consultants and the advertising agency. Andrews (Ref. 
39) agrees that many new ideas come from people outside the industry concerned. 
The review of methods for generating new product ideas follows, emphasising 
whether the result is a stimulation of new ideas, or the adaption of existing products. 
Depth Interviewing - As explained by Andrews (Ref. 40) this method is to interview 
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potential customers for new ideas. The interviewer must have preconceived areas of 
interest and stimulated the discussion. This method can successfully modify existing 
products but would rarely produce totally new ideas. 
Market Research - Douglas, Kemp and Cook (Ref. 41) acknowledge that analysing 
existing market research in the area of interest often stimulate new product ideas. 'A 
revelation of ideas in totally new areas will not necessarily happen. The time required 
to study enough research in all industries deems this method unsatisfactory to develop 
totally new products outside the companies' current field. 
Non-Metric Mapping - This method described by Douglas, Kemp and Cook (Ref. 
41) is where participants rank products according to their preferences or perceived 
similarities or dissimilarities. There is then a production of a "map" which describes 
these perceptions. Alternatively the respondents rank them individually according to 
preference. This process can be a valuable source of new product opportunities, for 
example where a cheese does not exist the potential for a new one could emerge. 
Activity Study - By watching the use of your product an improvement to existing 
products can happen. It is especially useful as many employees develop inward 
thinking after working for the same company for some time, focusing solely on their 
product. Again this is a method for improving existing products, a totally innovative 
new product idea would rarely emerge. 
Repertory Grid Technique - The method described by Frost and Braine (Ref. 42) 
is that the participants look at three brands and say in which ways two are similar and 
the third different. The participant then has to sort the remaining brands into this 
original construct. Respondents then get a different set of three brands and there is 
a repeat of the process until all possible similarities and differences are found. The 
result is a long list of different ways of looking at the product, 20 to 40 interviews 
provide the total possible constructs. All the results are plotted using bipolar scales. 
Interviewers do not always discover such consumer attitudes towards the products. 
Again this method will help to develop products but not to create totally new product 
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ideas. 
St James Technique - This extends the Repertory Grid method, and as explained by 
Sowrey (Ref. 43), the screening of the results forms the "ideal brand". The 
respondents then rate this against the existing brand to help find the most important 
attributes. 
Ideas from Company Employees - There are several ways in which employees can 
be involved in idea generation for their company, Sowrey (Ref. 38) explains some of 
them as follows. One method is to give employees a list of the company's strengths, 
weaknesses and opportunities to stimulate them to come forward with their own ideas. 
Another method is the company suggestion scheme where employees often get 
monetary incentives to come up with good ideas to improve the existing products or 
ideas for new products. New ideas can also come from research and development but 
they have to be able to use their own initiative. This means a relaxed management 
structure needs to be in place, however most R&D departments do not have any spare 
time to allow employees to do this. Another method is to run employee invention 
groups, one day a month away from work where the group have "brainstorming" 
sessions. "Think Tanks" are similar but only include senior management to discuss 
and develop new ideas. 
Job rotation can often stimulate adaption to the current product and creative thinking, 
as mentioned previously the Japanese use this method. 
An alternate way is to circulate reports headed with a brief to which employees can 
add their comments anonymously. 
Past ideas and projects are often valuable sources of new ideas. New products are 
often the redevelopment of old ideas with new technology. The sales force meet 
customers every day and often have ideas for new products or the development of 
existing products. The sales force will need encouraging to bring these ideas forward. 
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Product Checklist - Sowrey (Ref. 44) explains this method where the questioning of 
customers about the product develop. There is then the formation of a list that can 
stimulate new ideas. 
Attribute Listing - Sowrey (Ref. 44) explains this method as a list of each aspect of 
the product being made and then thoroughly discussed - improvements to the product 
can occur. 
Value analysis - The attribute list discussed previously has the costs applied and the 
development of cheaper or better methods may occur. These methods can stimulate 
product development ideas. 
Scimitar Three-dimensional Matrix -A Scimitar model is a three-dimensional 
matrix constructed to identify gaps in the market that can lead to new products. The 
three axes represent the existing raw materials the company uses, the existing process 
it applies to these materials and the markets it sells the products in. Blocks are placed 
inside the model to represent all the products the company already manufactures. 
Where there is a gap there is feasibility for a new product and creative techniques can 
fill this gap. By changing each factor individually using existing processes and raw 
materials, the discovery of new markets may arise. This would require a great 
knowledge of every market, process and raw material to be workable. Sowrey 
(Ref. 44). 
Forced Relationships - This method described by Souder (Ref. 45) is the creation of 
an artificial and forced relationship between two or more normally unrelated products 
or ideas. This forms the starting point for the idea generation process and is clearly 
difficult to put into practice. 
Letters of complaint - Often a misused source of valuable information, letters of 
complaint from customers can sometimes point to development of existing products 
and even new ideas. 
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Group Discussions - Sowrey (Ref. 46) describes this method as six to twelve 
customers, guided by a leader, discussing products. Ideas can come forward for 
modifying existing products and developing new products. 
Consumer Panels - Consumers find faults with the existing products, in the hope that 
modifications to the products will result. 
Pseudo Product Tests - The method introduces a new improved product to 
participants, they have to say why it is different, which may stress future 
improvements to the current product. As explained by Sowrey (Ref. 47) often they 
use the same product but everyone imagines there is a difference. In other words they 
imagine what they would like the product to be, providing possible new ideas. Again 
a method used to adapt existing products. 
Segmentation Analysis - This method clusters the market into groups, for example: - 
(1) Demographic data: age, sex, socio-economic group, income levels, geographical 
regions etc. 
(2) Social structure: social class, norms of behaviour, style of living, reference group 
influences, social aspirations etc. 
(3) Personality variables: common personality traits such as aggression and the desire 
to dominate etc. 
(4) Usage patterns: analysis of the various uses a product has pinpoints 
particular uses that a new product might satisfy better. 
(5) Attitudinal factors: price/value relationships, purchase motivation, aesthetic 
preference etc. 
This can find out a group that has an unsatisfied need and therefore the development 
of a new product to fit the need. 
Gap Analysis - Gap analysis is a classic method for new product development. It 
searches out a gap in the market. The objective of which is putting together a mix 
of product features to fulfil a customer need that the existing product does not as 
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Andrews (Ref. 48) explains. 
A variation of Gap Analysis is the Japanese method called the Seeds & Needs Matrix 
as explained by Burr (Ref. 19), Figure 19 shows an example of the matrix. 
..................................................................................................................................................................................... . .......................... 
NEEDS (markets or product areas) 
A. 
B. 
C. 
U F. : 'ossible products 
of the compamy 
H. J. 
............................................ ...................................................................................................................................................................... 
Figure 19 
Analogies of Other Product Fields - Douglas, Kemp and Cook (Ref. 49) describe 
this method, as looking at other products and processi! s to stimulate ideas. An open 
mind is the requirement for this method, ideas may not flow as a lack of inspiration 
may ensue. 
Brainstomiing - Brainstorming originated by Alex Osborn in the USA in 1938. It 
is a creative conference for the sole purpose of producing a list of ideas. Sowrey 
(Ref. 47) goes on to state the Concise Oxford Dictionary description of brainstorming 
is the "spontaneous discussion in the search for new ideas". To undertake 
brainstorming the ideal number of people varies between authors: Andrews (Ref. 50) 
says between six and eight; Osborn himself (Ref. 51) says twelve and Schlicksupp 
(Ref. 52) says four to seven. They all agree to achieve maximum creativity from 
A. 0. 
B. 
x 
E. 
C. 
F. : 'ossible produc ts 
of the compa my 
C. 
H. J. 
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brainstorming it is preferable to use a mixed group of employees and outsiders. 
There are four principles according to Sowrey (Ref. 47): 
(1) Deferment of judgement, criticism of ideas within the session is not allowed, 
evaluation takes place later outside the session. 
(2) Quantity is the aim and the more there is to choose from the better. 
(3) In pursuit of quantity all ideas are welcome however wild. 
(4) Combination and improvement are sought. Mutual stimulation should produce 
ideas. As chance interaction and building on the ideas can create a group 
chemical reaction that will provide ideas individuals may not have thought of. 
Sowrey explains an avoidance of difference in status and cliques are essential, the 
requirement of creativity and a leader and deputy. A simple precise brief sent to the 
participants a few days before the session that the leader repeats at the start of the 
session is a necessity. The session should be twenty to forty-five minutes long and 
the anonymous logging of the ideas by the leader. The leader should telephone for 
further ideas or gaps left for additional ideas and post the results to the panel 
members. 
Synectics - Synectics as described by Andrews (Ref. 40) is similar to brainstorming 
but there is a defined problem to solve. The panel should ideally consist of five or 
six people from different backgrounds. There should be two leaders, one for 
administration and one leader of the session. The brain tries to make the strange 
familiar, synectics reverses this and takes the familiar and makes it strange. Biology 
is a rich source of relevant analogies, e. g. the envisagement of a clam as a new type 
of closure for a bottle. A personal analogy is "What would I feel if I were a closure 
on this wide-necked bottle? " A symbolic analogy is often aesthetically pleasing but 
technically impossible. Such as seeing Ali Bar Bar's cave in the same way as a door 
and finally a fantasy analogy is a dream. This method works best one day a week for 
several months by the same group and always away from the office. 
Lateral Thinking - The mind is normally vertical thinking, organising every form 
into logical patterns. Lateral thinking is trying other patterns using the methods 
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described by Sowrey (Ref. 47) and outlined below: - 
(1) Escape is the recognition of dominant or polarising ideas, self-imposed boundaries 
and unchallenged assumptions. 
(2) Provocation is the making of unjustified leaps in thought, the use of chance 
movement for the sake of movement, to generate new direction. 
Chance is a good way for lateral thinking, examples are: looking around exhibitions, 
junk yards, shops, etc. 
2.5.0. The Delphi Method 
The Delphi Method was briefly explained in the Introductory Chapter, this section 
provides more detail. Tull and Hawkins (Ref. 53) explain the Delphi Method as a 
formalized way to obtain the expressed judgements of several people involved in the 
process. It consists of a series of rounds of predictions made by the participants, each 
prediction being anonymous and turned over to an administrator. The combined 
results of all the predictions and some reasons for the forecasts go back to the 
participants after the completion of each round. This procedure continues until the 
reaching of a consensus or there is no further progress towards a consensus. If there 
are optimistic, pessimistic and most likely estimates obtained, these only show limited 
differences. The implication is that additional information would have little value, if 
conversely there is a whole dispersion in individual and/or combined estimates there 
is a need for more research. Therefore, they see it being appropriate to complete a 
Delphi before doing other research. 
Tull and Hawkins (Ref. 54) go on to describe another main benefit of using the 
Delphi method that Kotler (Ref. 3) overlooked. It avoids the problems of weighting 
individual forecasts of experts and the biases introduced by rank and personality by 
using the consensus method that consists of: 
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I Having the participants make separate forecasts (point, interval, probability 
distribution, or some combination of the three). 
2 Returning forecasts to the analyst, who combines them using a weighting system. 
3 Returning the combined forecast to the forecasters. 
4 The forecasters make a new round of forecasts with this information. 
The underlying premises for Delphi follow: - 
Successive estimates will show less dispersion and that the median of a group 
response will move towards the true answer. The observation of a convergence of 
group estimates is usual. The critical issue is whether the movement is towards the 
true value. With any Delphi this is significant, the answer may be the consensus, but 
is it correct? 
The use of the Delphi Method to forecast sales, market share and prices can occur. 
Four rounds are usually sufficient. Technological forecasting can be completed using 
the Delphi Method as shown by North and Pyke (Ref. 55). Experts are asked when 
they believe a new technology will become common in industry that in turn helps to 
forecast future sales of connected products. 
Sowrey (Ref. 56) explains that the development of technological forecasting was by 
the Rand Corporation in the USA in the 1950's. A group of experts, representing 
allied technologies individually predicted timing and implication of advances in a 
technology as it developed towards its ultimate potential. This allows the elimination 
of distorted discussions due to the pressure from seniority and the majority opinion 
by not allowing face-to-face confrontation between the experts. The repeating of the 
questionnaires until an acceptable degree of consensus occurs is the basis for 
calculating probability. An important issue here is the anonymous returning of the 
results to avoid peer pressure. 
Grouping experts together can cause such side effects as status jockeying and 
compromise instead of consensus decisions. The Rand Corporation devised the 
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Delphi technique to overcome this. Tersine and Riggs (Ref. 87) described Delphi as 
the following: 
"It is a method to systematically solicit, collect, evaluate and tabulate independent 
opinion without group discussion. It replaced direct debate with a carefully designed 
program of individual interrogations, usually conducted by a series of questionnaires. 
The control of interaction among the respondents is a deliberate attempt to avoid the 
disadvantages of the more conventional use of experts via round table discussions, 
committees and conferences. The experts remain unidentified to each other and there 
is usually a greater flow of ideas and fuller participation and increased evidence of 
problem closure. " 
Gruenwald (Ref. 57) adds two very important issues: the first that the use of this tool 
can be to develop new ideas and the second that it overcomes the difficulties of 
getting many people to meet and make decisions. 
In summary the key facts regarding the Delphi Method are as follows: 
I The process of questioning, collecting and analysing the results and questioning 
again needs to be in place before commencement of the exercise. 
2 The experts need to be selected very carefully. 
3 It will consist of a series of rounds of questionnaires being completed by the 
experts. If no consensus appears after analysis the questions are restructured based 
on the results of the previous one and sent again. 
4 All experts act anonymously and never know who the other experts are - this 
ensures complete freedom for them to express their views. 
5 The Delphi Method overcomes the problem of getting experts together to discuss 
issues and the problem of coming to any consensus. 
6A problem with any Delphi is the results may not be accurate as it is still only a 
forecast. 
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2.5.1 The Use of the Delphi Method to Date 
When this research began in 1989 there was very little work published about the 
Delphi Method, there was no work about the use of Delphi to predict future 
technologies. The research that now exists follows. 
Anderson and Douglas (Ref. 58) used the Delphi Method in 1990 as a simple decision 
making tool in a paper called, "Increased Productivity via Group Decision Making". 
The Delphi Method with the Analytical Hierarchy Process was used to study and 
determine the threats/opportunities and the strategic goals of a company regarding 
relocation by Hossein and Khorramshahgol (Ref. 59). There was a similar Delphi 
Survey undertaken in 1983 by the Council of Logistics Management (Ref. 60). 
The Delphi Method was used to diversify regional economic planning in 1990 (Ref. 
61). Another reviewed health care trends in the 1990's by Coile (Ref. 62). Morley 
and Sneak (Ref. 63) predicted the global automation market by using the Delphi. The 
Delphi Method was used to predict the future role of management by Fulmer (Ref. 
64). A study of the beverage industry completed a Delphi as discussed by Dull (Ref. 
65). The results said an aging community led to decreased consumption of alcoholic 
beverages, resulting in the company redeveloping its business strategy. 
Nielson and Gonzalez (Ref. 66) used a Delphi Study to predict the future of the life 
and health insurance industry. Clouser (Ref. 67) talks of the US insurance industry 
using the Delphi Method to predict future legislation. 
Ironically an anonymous author (Ref. 68) discusses a Delphi Study conducted to 
predict the future sales of machine vision products. A Delphi Study started in 1984 
in the state of Washington and the Northwest region of the USA to predict the use of 
advanced manufacturing processes to the year 2000 by Iverson (Ref. 69). In 1981 the 
Society of Manufacturing Engineers and the Industrial Development Division of the 
University of Michigan (Ref. 70) conducted a Delphi survey to forecast Ole short term 
trends in technology, applications, marketing and socio-economics associated with the 
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increasing use of industrial robots in the USA. Another study to come out of the 
University of Michigan was the CAD/CAM International Delphi Forecast completed 
in 1979 (Ref. 71). 
In 1989 a Delphi forecast to study the Singapore tourist trade was used (Ref. 72). 
Another area that the Delphi was used is as a predictor for the education system (Ref. 
73). Bolongaro (Ref. 74) used the Delphi Method to develop a food product. This 
overcame the problem of recognising the weak market signal indicating a possible new 
product. The research resulted in the style of food that would be dominant in the 
future so that particular nutritional areas could be chosen. 
All these studies either predict the timing of certain events, particular technologies or 
future requirements. None have attempted to forecast totally new technologies or 
products outside the area of study. During this research a joint project conducted 
from 1991 to 1993 by the Japanese National Institute of Science and Technology 
Policy and the German Fraunhofer Institute for Systems and Innovation Research 
occurred. It was called the Technology Foresight Using the Delphi Approach (Ref. 
75) and a summary follows. 
Japan ran their first Delphi in 1971 and has completed one every five years. 
Unfortunately there is no published work about the previous Delphi's. In the 1992 
project 3,000 Japanese experts answered 1,000 questions based on 16 different 
technological areas. The aim was to judge possible technological developments over 
the next 20 to 30 years. Similarly 3,000 German experts answered the questions. 
The aim of the study was to compare cultural influences on technology assessment. 
They found the main problem with a Delphi survey is the generation of the forecast 
questions. They set up a steering committee including industrialist, academics and 
public administrators to generate the questions. As they had completed a similar 
survey five years earlier, they used some of those answers to construct questions. 
They split their experts into separate specialist areas. Each expert had the significant 
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questionnaire from the sixteen available to match their area of expertise. A US 
Delphi study by Morley (Ref. 76) looking into which technologies to protect and 
which to share, divided their panellists into four groups. The groups were known as 
Consensus, Offshore, Laymen and Futurists. The Consensus group reflected the 
views of the popular press believing that in a protection of US technologies to stop 
others stealing the ideas. The type of technology mentioned were: TQM, sensors, 
software and CAD, the future technologies mentioned were: space-age materials, 
parametric design and autonomous agents. 
The Offshore group were mainly German and Japanese experts who cited narrow 
specialised areas. Their current technologies included: fuzzy sets, neurons, JIT and 
vision, the future technologies were: ultraspeed machine tools, ceramics, sensors and 
software. 
The Futurists believed that the US has little technology to shield and a lot to learn 
from others. Current technologies included: software, smart chips, industrial 
computers and innovation, future technologies included: autonomous agents, virtual 
reality, genetic software and neural nets. 
The final group the Laymen that are the most difficult to survey as they pleaded 
ignorance or time constraints. This group did not believe the US had any current 
issues but they did think the future for the US and the world was intelligent systems 
and nuclear power. 
The Japanese/German survey asked their panellists to choose their degree of expertise 
in the chosen area, from high, medium, low or none. This is where the German 
survey failed, as they did not know much about their panellists. Sometimes they 
provided them with more than one questionnaire from different technical areas. They 
then asked the panellists to choose which was their expert area. From the response 
this survey produced clearly Europeans do not like to choose but prefer to answer a 
given question. Europeans also tend to be highly critical viewing the choice as the 
researchers failing to complete the background research. 
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The response rate in Japan was 80% to the first round and 68% to the second, in 
Germany it was much lower at 30% and 24%. The reason given for the lower 
German results was that the undertaking of this type of research had not previously 
developed there. The Japanese studies had evolved over 20 years. The general 
Western attitude to this type of study surnmarised by a German expert follows: "I 
hope that in the best case this survey will have a zero impact as you cannot predict 
science! " The other problem they had in the German study was that they did not know 
everyone's area of expertise. There was more information about the experts in the 
Japanese study as the culture is more open than the West and the study had been done 
before. 
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3.0.0 THE COMPANY AUDIT 
According to Andrews (Ref. 21) the secret to success for any company is to identify 
attractive markets that suit the company in question. He then goes on to say the 
following information should be the starting point of any product development project: 
1. The weighted strengths and weaknesses of the company. 
2. Corporate development criteria. 
3. Market data. 
The methodology for generating ideas for product development commences with a 
marketing process called the market/company audit. This requires the three elements 
listed above and concludes with a S. W. O. T. (strengths, weaknesses, threats and 
opportunity) analysis. 
The development of a company's objectives and strategies requires as much 
information about the company as possible. In smaller organisations it is relatively 
easy to have this knowledge, however as the company expands it is very difficult to 
know every aspect of the business. This is particularly so with Directors from larger 
companies who have not necessarily spent their whole career in the same company. 
Here it is essential to complete an audit of the company that reviews competitors, 
customers and all the departments within the company. As Roy (Ref. 77) explains 
by undertaking an audit in this way the company's capabilities and future potential are 
discovered. 
Figure 20 depicts the company audit graphically: the gathering of information about 
a company and its markets to grow its strengths, reduce its weaknesses, control the 
threats facing the company as much as possible and develop any opportunities. 
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Figure 20 
L Edwards DCE Group Ltd 1990 
As Sowrey (Ref. 78) states, creative thinking must possess knowledge as a basic 
requirement, as nothing is made from nothing. Knowledge acts as a store of blocks 
to allow the building of riew combinations. It is the understanding of the company 
as it is now, in order to build and develop it further. 
As Douglas, Keinp and Cook (Ref. 79) explain it iis necessary to be systematic and 
imaginative by looking at the company in a new way. Directors are notoriously [)ad 
at forming an unbiased view of' their company's strengths and weaknesses. Their 
checklist for undertaking the audit is as l'ollows: 
Manufacturing: Is the manufacturing plant better than tile competition? Is any of (lie 
plant under utillsed? 
Technological: Is technology under utilised or even worse is it one that has failed? 
Disti-ibution: Power it has and physical assets, e. g. own transportation 
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Management: Everything about them even their hobbies. 
Brand Name: Is there one? Its position in the market? 
As well as the above areas, it is important to include: the company's objectives and 
strategies, the structure and communication channels of the company, the marketing 
strategy and details of the products and customer service. 
An objective view is essential and therefore better results often occur when the 
completion of the audit is by a new member of the company or an outside agency. As 
Andrews (Ref. 80) says this is often an excellent project for a student on an industrial 
placement. 
3.1.0 The S. W. O. T. 
Once the company audit data is collected it needs analysing, the completion of this is 
usually by a S. W. O. T. analysis. As Oakley (Ref. 81) explains the S. W. O. T. forms 
a list under each heading that is ranked in order of importance. Strengths require 
acknowledgment and need holding on to and the weaknesses need eliminating. 
Opportunities need researching further and possibly acting upon. Any threats require 
observing so that the company is ready if they should suddenly endanger the business. 
Theodore Levitt's Marketing Myopia (Ref. 12) says that a company audit will lead 
to a product-orientated or company-orientated development policy, not one based on 
customer needs. Simmonds (Ref. 82) argues against this saying that the theory is 
over simplified. Levitt moves an oil company into other forms of energy where a 
ývider approach is also relevant. In fact oil companies have gone vertically into 
chemicals, fertilizers and plastics, building on their existing strengths, but with 
expertise they do not possess. The business a company is in, is the business of 
meeting its objectives, to do this it has to consider its strengths and weaknesses. As 
McDonald (Ref. 83) reinforces, any product development needs to fit within the 
company's strengths and weaknesses. 
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3.2.0 The DCE Audit 
There was very little overall knowledge of the company, its customers and market. 
Each department had become very specialised and product or production focused, only 
a few people had a broader knowledge. A company audit would bring together this 
knowledge allowing a focus on the strengths and opportunities facing the company. 
This then enables the possibility for the development of future products to ensure 
growth. 
The only documentation that existed in the company was ad-hoc market research on 
DCE's various geographical markets. There was sales literature on the products and 
a general company brochure. The most valuable information was in the heads of the 
employees, many of whom had worked at DCE for thirty years. 
3.2.1 Collection of the Data 
To complete a S. W. O. T. analysis it is necessary to gather as much information about 
the company as possible and document the findings. Employees from all levels and 
functions in the company completed' the questionnaire, shown in Appendix 1. 
Interviews were also undertaken with different levels of staff and visits made to some 
European companies. The final document was shown to the respondents ensuring the 
results were a true representation of the company. 
3.2.2 DCE's Objectives & Strategies 
The three-year plan had the following in ission statement: 
"To become the recognised number one worldwide dust control equipment company 
by providing superior customer service to our market niche. " 
This is concerning as it focuses solely on customer service, without taking account of 
products. To become the recognised provider of dust control equipment the 
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development of the products must use the latest technologies available and the 
manufacturing requires the highest standard possible. There is also no measurement 
included, how would DCE know it was number one? 
DCE's objectives were solely financial, there were no product/market development 
objectives or any regarding training or investment in manufacturing. The Group 
company Directors included comments such as increase market share, to provide high 
quality and advanced products and to provide customers with what they want. This 
suggested that the Directors that were closer to their markets had a greater 
understanding of what the company needed to do. 
DCE's strategies to achieve the objectives were as follows: 
Develop DCE personnel 
Develop DCE products 
Improve quality 
Become more professional 
Have a commitment to excellence 
These are statements rather than strategies and there was no commitment to achieve 
diem. 
3.2.3 DCE Sales, Profit and Market Share Achievements 
For the whole group turnover and profit increases year on year. The UK still 
provides the largest proportion of the total sales, with the USA following, Figure 21 
shows the split. 
Figure 22 shows the estimated market share each Group company has: the UK having 
the largest at 30%, followed by Benelux with 25%, the USA having the largest 
potential market only has 6.5 %. 
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Figure 21 
Vigure '22 
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3.2.4 The Group Companies Activities 
The Company Audit included a comprehensive study of the group companies and 
some economic, political and cultural issues, a summary follows: 
Similar to Britain Germany was exhausting its coal deposits and the steel, shipbuilding 
and textile industries were suffering from Asian competition. - Frankfurt was fast 
developing as Europe's second financial centre, London being the first. Regarding 
dust control DCE only has a small market share in Germany mainly because there are 
many strong local competitors offering cheaper products than DCE. 
Spain has had a surge in industrial growth since joining the EEC. Environmental 
standards are also rising due to the EEC regulations. Growth industries in Spain are 
transport equipment, electrical machinery and the exporting of fruit and vegetables. 
Spain is heavily dependant on imported oil and again steel and shipbuilding have 
declined, chemicals and light engineering have also declined in Spain. The Spanish 
dust control market is still relatively new, but DCE is a main company operating 
there. 
France developed the nuclear power industry before other European countries, the 
state backed telecommunications and aerospace industries are also very strong. Again 
the older industries of textiles, steel and ship building are in decline. " Coal mines are 
nearing exhaustion and despite nuclear power France relies heavily on imported gas 
and oil. DCE has achieved a strong position in the French market, which is very 
unusual for a British company. Competition is still strong particularly from the 
French company Delta Neu. 
The Japanese electronic sector is the fastest growing sector, with the 
telecommunications and financial sectors closely following. Nuclear energy is also 
increasing, with Japan being the fourth largest producer. Japan's main problem is its 
lack of mineral and energy sources. Similar to Europe increased competition from 
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countries such as South Korea and Taiwan in the textile, shipbuilding and steel 
industries are threatening Japan. DCE faces stiff competition from local 
manufacturers. Most of the market is for small dust collectors that Japanese 
companies have developed to a high standard due to their expertise in the electronic 
and smaller machine markets. The Japanese companies do far more local advertising 
than DCE and have large direct sales forces. 
The USA has a dynamic computer industry, a world demand for commercial aircraft 
and a very profitable pharmaceutical industry. Falling oil prices have meant there are 
now many unprofitable oil fields in production. Safety worries have halted any 
nuclear power expansion. The car industry has been forced to scale down investment 
and modernisation plans due to a saturated home market. DCE has not been very 
successful in the US market mainly due to the size of the country and again there are 
many local manufacturers. 
3.3.0 DCE's S. W. O. T. Analysis 
This report only includes the main issues ftom the full S. W. O. T. analysis. 
3.3.1 DCE's Strengths 
DCE is the oldest dust control company in the world and therefore has many years 
experience and knowledge of dust control applications, sheet metal manufacturing and 
fan engineering. The company has subsidiary companies all over the world that helps 
to stabilise the whole group as not all countries suffer the same recessions. One of 
Britain's major holding companies owns DCE and has the resource to fund 
development. DCE recognises that the development of its employees is key to its 
continued success. It manages to increase its total turnover and profits year-on-year 
and has gained significant market share in many of its territories. DCE has led the 
market in developing new products with the latest technology available. The company 
has always invested in the latest manufacturing technology, and has set up excellent 
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distribution networks across the world. It has a high standard in marketing 
publications, exhibitions and advertising that endorses their world leading position. 
3.3.2 DCE's Weaknesses 
Tough financial objectives often mean that there is no investment in projects that will 
eventually increase turnover. For example many sales territories require expanding 
by employing more sales engineers. Market share of the subsidiary companies is 
small. DCE depends on one type of product, the dust collector. Any company that 
is dependant on one product can have problems if they do not keep up with 
technology and market requirements. Increasingly demanding objectives for cost 
control result in the stifling of product development. Many companies build custom 
built dust collectors locally at a cheaper price than DCE's manufactured products. 
Competitors who offer the complete package of dust control not just the dust collector 
could increase their market share. Cartridge filters are increasing in the UK and DCE 
does not have these. There has never been any formal questioning of the customers 
about the products. Most of the group companies do not run a maintenance scheme, 
so after the sale the products and customers are often forgotten. Shipping and 
insurance costs are high for DCE. , In large countries such as the USA one 
distribution depot causes delivery problems. 
3.3.3 Threats to DCE 
Although DCE has managed to develop new products first, this may not always 
happen, the exploitation of new technology by others could occur. BTR could sell-off 
DCE that might result in lowering investment. Legislation may increase to an extent 
where dust control is no longer acceptable and the requirement of other forms of 
control arise. 
3.3.4 Opportunities for DCE 
The development of specialised dust collector products such as clean-air rooms or 
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industrial vacuum cleaners. Evolve new markets for existing products, for example 
small dust collectors for central cleaning systems in hospitals or offices. Invent high 
temperature filters. Expand the focus on environmental issues and generate new 
products in this area. Form a telesales department to sell spares and maintenance 
schemes and act as a help/information-line. Develop a consultancy service to test and 
advise on dust and noise levels. Ensure the representation of DCE at any dust control 
legislation discussions. Set up a manufacturing base in Australia to serve the Pacific 
Rim. Expand sales in the Eastern Block and the Pacific Rim. Acquire other dust 
control companies to grow the market share. Develop the in-house knowledge in 
design and manufacture of fan engineering by taking-over or setting-up a fan 
company. Buy an electric motor company and an electrical component company. 
3.4.0 Projects Evolving out of the Company Audit 
While undertaking the Company Audit several key projects emerged, the discussion 
of these follows: 
3.4.1 The Communication Flow 
The structure of a company needs understanding before the formation of any change. 
This was completed at DCE by determining both the formal and informal 
communication channels within the company. It is preferable for somebody new to 
the organisation to complete this project as they have no preconceptions. To 
undertake this at DCE, the table shown in Figure 23, went to each of the DCE Ltd 
departments. A representative from each department had to place a number next to 
every named department. The numbers represented the frequency of communication 
ten being the most frequently contacted and one being the least. Interviewing 
members of staff determined the more informal channels of communication and some 
internal departmental conflicts. 
The results provided the information for a communication flow chart shown in Figure 
24. The conclusion is that DCE are product and production orientated, with little 
65 
feedback coming from the customer. The company was in the fortunate position of 
being contacted by customers and not having to find ways of getting new ones. 
Departments with no direct contact with products acted as a service to the other 
departments. An example is the Accounts Department that communicate with people 
when they want invoices paid, or are contacted when there is a requirement for a 
balance on a certain account. The Marketing Department has a similar role, whedit 
wants information for sales literature or there is the organisation of an exhibition 
contact is made with other departments. Clearly DCE marketing did not have a key 
role in the product development process. 
After completing this communication project it became evident the company was 
certainly not marketing orientated. The Marketing Department appeared to think 
more frequent communications were occurring between them and other departments 
than the other departments did. For successful product development ale removal of 
the existing communication barriers between departments and marketing was 
necessary. Due to this research, marketing has a different role at DCE, it is now an 
important part of the new business development team. The Business Development 
Manager heads R&D, design engineering and marketing. This ensures that 
marketing is involved in the product development process from the initial idea through 
to the launch of the product. 
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Communication Grid Figure 23 
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3.4.2 The Problems Facing DCE's Largest Potential Market 
After an analysis of each group company's 1988/89 financial results it became clear 
there was a problem facing the US company. Following this there was a study of the 
UK, French and US companies undertaken. The US with a huge market was 
performing worse than the UK and France by number of products sold and size bf 
market share. The UK company launched in 1919 had a market share of 30%; DCE 
France launched in 1975 had a market share of 15 % and the US company launched 
a year later only had 6.5% market share. There was a study of each company's 
territory and selling methods; the following are the conclusions regarding the US 
market: 
The US is split into four sales territories, Central, East, South and West. They have 
forty-four agents, none of which are DCE employees, selling the products. There are 
five Regional Managers employed by DCE, two in the East and one District Manager 
based in the most successful area, the Central area. 
Seventy percent of the Unimaster sales are by twelve of the agents, mostly in high 
concentration areas of engineering based industries. There is a reluctance by agents 
in time and effort to sell Unimasters. This is mainly because commission percentages 
are low and do not incr6ase with the quantity sold. The agents believed that the 
standard of technical knowledge needed to sell Unimasters is far higher than for 
Dalamatic Insertables. Five years is the average an agent sells DCE products for, 
which is considerably shorter than the British Sales Engineers service record. 
Training is not as structured as for DCE employed engineers, as lost time is lost 
money for agents solely on commission. Only 50% of the Regional Managers time 
is spent with the agents training and visiting customers. The only District Manager 
located in his own area is the one covering the Central Region. 
The recommendations that resulted from the survey were as follows and acted upon 
by DCE Incorporated immediately by changing their sales structure. In order that the 
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agents are as competent and knowledgeable as their European counterparts the 
following was recommended: District Managers were employed by DCE and located 
in each area as a local contact for the agent and the customer. These managers would 
be available for: specific application experience, product knowledge, control of the 
agents activities, customer service and local promotion of DCE. Key agents should 
be set up in each area to sell specific products from DCE's range. This would enable 
agents to obtain a high degree of knowledge about a specific product and its market. 
A recommendation was forwarded to increase the percentage commission rate on 
Unimasters. If this was not possible there was a proposal for an increase in the 
percentage rate with quantity sold. Another suggestion was the encouragement of the 
agents to find local sheet metal companies who would provide the customer with 
ducting, hoods, etc. This would lead to the selling of a package including the 
Unimaster, enabling the agent to get commission from the sheet metal company and 
DCE. 
3.4.3 DCE's Gap Analysis Survey 
Gap analysis is a classic method for new product development. It searches out a gap 
in the market with the objective of putting together a mix of product features. These 
fulfil customers needs in a way not currently satisfied by existing products. 
This analysis was completed for DCE products, first the current product range was 
split into model/structure types. All the DCE products are either: 
1. Cabinet products -a unit such as the Unimaster, Dalamatic Unit or Sintamatic Unit 
2. Integrated products - the Unimaster H type, Dalarnatic and Sintarnatic Insertables 
3. Bag House products - the Dalamatic and Sintamatic Cased 
Each product is represented by the amount of air it could handle in cubic metres per 
hour. The numbers of each product sold between 1/1/90 and 31/8/90 was collected. 
This was then multiplied by the air handling capacity that provided the total volume 
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of dust laden air treated by DCE during that period. The belief is that the total 
market for dust control has a normal distribution across all sizes of products. Figure 
25 illustrates the results of the procedure described above. The "X" axis shows the 
amount of air that each of DCE's products can handle in m'/hr. The "Y" axis is the 
total volume of air treated between l/l/90 and 31/8/90. Assuming a normal 
distribution curve, a gap exists between 10,000ml/hr and 80,000mYhr. DCE do. Fs 
have products in this range but they are obviously not fitting the needs of the market 
as sales are low. 
), 000 
Size of Product (mA3/hr) 
Cabinet Type Products Integrated Type Products Beg House Type Products 
Where products of equal efficiency overlap with regard to product size 
the distribution curves are aggregated 
Figure 25 
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LOW MEDIUM HIGH EFFICIENCY 
Competitor analysis and customer research revealed that customers did not want 
modular units with ducting and separate fans for this relatively small application. 
These units cost extra money as large sites require preparing. They are also often 
outside the factory and there is no space to construct a unit. The development of the 
Unit Concept dust collector filled the gap, Figure 26 shows the Unit Concept. The 
new design specification based on the Unimaster product is not a modular Cased 
product needing assembly on site at great cost in money and time. It had an integral 
fan which further reduced site work and ducting. As it was a unit it needed less space 
and eliminated site preparation time and quite often fitted in the factory rather than 
outside. There is also a reduction of future maintenance costs as the components are 
integral rather than separate. The product was simple to assemble and required the 
minimum of site preparation and assembly time. The Unit Concept is available as a 
Sintamatic or Dalamatic. 
I 
Figure 26 
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3.5.0 Conclusions 
A continual audit of any company is essential to ensure the development of the 
strengths and the building blocks of the company are in place. It will also guarantee 
that opportunities are found and acted upon. It is vital to know the weaknesses of 
"a 
company and be aware of all the potential threats facing the business. Unfortunately 
in the UK very few industrial businesses continually monitor their companies in this 
way. Product development cannot be successful in any company unless there is as 
much knowledge as possible about the company. Creative thinking must possess 
wisdom as a basic requirement, as nothing can be made from nothing. 
In smaller organisations knowledge of the company is relatively easy to find, as senior 
employees know most of it. In larger companies it is much more difficult for any one 
person to know everything about the company. A company audit can fill this gap by 
looking at every aspect in detail. 
DCE had grown rapidly, the employees had become very specialised and focused on 
their own areas. A company audit would gather all the valuable knowledge held by 
the individuals and make it accessible to everyone. The audit would also reveal the 
company's strengths, weaknesses, opportunities and threats. 
DCE had financially oriented objectives with no product/market development 
objectives included. The strategies were statements rather than committed plans to 
ensure the company grew. DCE was in a secure situation achieving increased 
turnover and profit year on year. Many of the group companies were achieving low 
market shares. When analysing the different countries' economies many of them 
clearly faced severe competition from South East Asian imports. At the time these 
countries had not developed dust control products but the threat for DCE relying on 
one product type was apparent. There are many local competitors in each of DCE's 
territories, any one of which could develop a new dust control product. Many 
competitors did not have the resource to develop new products. , 
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DCE's main strength is they lead the market by developing new products with the 
latest technology available and invest in new manufacturing techniques. With their 
geographic market share this has ensured that there is a barrier to entry for tile 
competition. DCE's main weakness is that it relies on one product type, if a large 
enough company developed a new technology in the dust control arena DCE would 
not survive. Other than the threat of new technology being developed by another 
company there are no major threats facing DCE. The main opportunities for product 
development that came out of the audit were: develop new markets for the existing 
type of products, e. g. small dust collectors for centralised cleaning of offices; invent 
new dust control products that could withstand high temperatures and enhance the 
environmental focus by developing new products and markets. 
The communications project undertaken at DCE showed that the company was product 
and production orientated, marketing and customer orientation did not have any input 
into product development. Due to this research the company changed it's view of 
marketing, restructuring the company so that a business development manager headed 
the marketing, R&D and design departments. Marketing participation is now 
present from concept through to launch of new products. 
Following a fact finding project about the performance of each group company 
apparently DCE was struggling in its largest potential market, the USA. After 
completing a report that detailed the problems the following recommendations resulted 
in immediate success. Each area had a district manager as a local contact for the 
sales agents and customers. This ensured the knowledge required to sell DCE 
products was available nearby. Key agents in each area were selected to sell 
particular products so that they were the experts in that area for those products. The 
commission structure changed so that it increased in proportion with the growth in 
sales, which in turn motivated the sales agents. 
The final project undertaken at the time of the audit was a gap analysis survey of 
DCE products. This resulted in the development of one of DCE's best selling 
products, the Unit Concept. Although DCE did have a product to fit the gap that 
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appeared following the analysis, this was not the product the customer wanted. It was 
too expensive and required extensive site preparation before the installation and was 
expensive to maintain. Therefore DCE developed what the customer required: a 
unitised dust collector that has an integral fan ensuring no site preparation, less 
maintenance and is cheaper than other products on the market. 
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4.0.0 CUSTOMER SURVEY 
After completing the company audit by finding out as much as possible about DCE, 
and before focusing the research on product development, there was still a major 
element of knowledge missing. One conclusion from the audit was that DCE was not 
marketing orientated. The customers had never been formally questioned about the 
products and service they had received and how they perceived DCE. 
As discussed in earlier chapters marketing philosophy focuses on the customer 
because there would be no business if there were no customers. The aim of any 
business is to satisfy the needs of the customer. The achievement of this may be by 
solving problems that a customer has or by making a task easier. Putting this in to 
context with DCE, several companies offer dust control equipment that will potentially 
solve the customer's dust problem. DCE must offer benefits perceived better than the 
competitors as they get many orders. These benefits are known as the differential 
advantages of a product or service. 
It is necessary for every business to ensure that the benefits they offer their customers 
match those that the customers want. The accomplishment of this is by asking the 
customers the quality of service they require, what they have received and how they 
would like this improved in the future. The actual reasons that customers do business 
and often remain loyal usually differ from those thought to be important by the 
company. 
Therefore the next stage in the methodology is to conduct a customer survey, to 
investigate why customers do business with the company. This will determine 
whether the strengths and weaknesses discovered through the company audit match 
those of the customers. 
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4.1.0 Methodology of Customer Survey 
Due to the costs and time involved in sending questionnaires to all of DCE's 
customers there was a sample taken. There were samples taken from five of the 
group companies: the UK, France, Benelux, the USA and Australia. Random 
samples of 10% of the customers from each country were chosen from the 1989 
customer list that included those who purchased spare parts. They were each sent a 
questionnaire in the relevant language. The random sample would ensure that tile 
responses were typical of DCE's customers. Appendix 2 shows a copy of the English 
questionnaire. 
The usual response rate for similar projects is between 5% and 10 %, the response 
rates for these surveys were exceptionally high as shown below: - 
UK 
France 
Belgium 
Holland 
Australia 
USA 
One* reason for the higI, 
M 
32 
32 
50 
56 
25 
12 
response rate may have been the gift offered to those who 
returned the questionnaire. Belgium and Holland may have achieved a higher 
response rate as they sent the gifts out with the questionnaires. 
Each country's results are reported separately rather than collated as it was important 
to view the differences for each market. The same structure for each report ensured 
comparisons were possible between markets where necessary. This report provides 
a summary of the collated results. 
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4.2.0 Purchasing Patterns for Dust Control Equipment 
Figure 27 shows the buying patterns for dust control equipment. 
Figure 27 
Forty-three percent of DCE custorners buy dust collectors every year, which suggests 
an active market. 
As indicated in Figure 28 24% of the respondents buy dust control equipment to 
eliminate the health risk frorn the working environment, government legislation at 
21 % follows this. These results reflect the reasons that DCE personnel gave to why 
custorners bought dust control equipment from them, as reported in tile Company 
Audit. 
N13 Danger risk refers to dust that causes explosions and damage to machinery when 
it accumulates. 
78 
Figure 28 
The other reasons giVei-i for purchasing dust control equipment are as follows: - 
M 
Tidiness & Hygiene 35.3 
Resale 10.9 
Safety of Plant & Machines 0.5 
Hazardous Dust 0.2 
Production Necessity 10.0 
Better Working Environment 19.4 
Reasons Not Stated 23.7 
100.0% 
4.2.1 Products Purchased 
The next stage was to find out what products the customers usually buy-, Figure 29 
shows the results. Twenty-nine percent had purchased Uniniasters, followed by 25 % 
purchasing Dalarnatic Insertables, then 15% purchasing Dalainatic Units. The 
Sintainatics carne last that is not surprising as they are the newest products and not 
established yet. 
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Products Purchased from DCL 
Sinlarrcfýc Cased (4.0%) 
Sintamatic It 
Sýnlomol7c Unit (1 
Ddamotic Cosed (12.0%) 
Dolumalic InssrioblB (25.0%) 
imoster (29.0%) 
imalic Unii (15.0%) 
Figure 29 
The various markets had very different sales patterns, the UK and Australian markets 
showing mostly Unnnaster sales. The French, Benelux and US markets showed the 
highest percentage for Dalainatic hisertables. The Sintamatic Unit carne out very well 
in all countries apart from the UK, where the Unimaster dominates. 'rlIese results 
reflect the inarkets in each country. The UK and Australia are still strong In the 
general engineering industries, while the other countries are very strong in the agro- 
food, cernent and pharmaceutical industries. 
After finding out tile type of product bought by the customer it is necessary to find 
out their views of that product, Table 30 shows these. The first shaded column shows 
the number of respondents for each statement. The total responses were 2214. 
Sixty-five percent thought that DCE products were good, 16% that they were 
excellent, 13% fair, I% poor and 5% did not have an opinion. Tile second column 
shows the weighted rank calculated by scoring: the excellent responses with four, the 
good responses with three, the fair with two and the poor with one. Fach response 
was multiplied by tile relevant figure, i. e. fifty-nine respondents thought that the 
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flexibility of tile products was excellent, therefore the score was 236 - (59x4). Table 
31 extracts these figures frorn Table 30 and shows the weighted rank in order of 
value. 
Excel Good Fair Poor N/A 
Flexibility 59 236 183 549 19 38 0 0 0 
Technical 
Performance 
67 268 183 549 13 26 1 1 0 
Added Value 15 60 131 393 56 112 6 6 0 
Materials 40 160 165 495 17 34 0 0 0 
Construction 49 196 174 522 34 68 2 2 0 
Paint Colour to 40 84 252 33 66 6 6 118 
Paint Finish 20 80 162 486 44 88 8 8 0 
Recognition 52 208 168 504 36 72 2 2 
Overall Design 44 176 184 552 28 56 1 1 0 
Total 
Responses 
356 
16% 
- 
- 
1434 
65% 
- 
- 
280 
13% 
- 
- 
26 
I 
- 118 
Table 30 
The following list explains each term: - 
Flexibility - The versatility of DCE's product range, when solving customers' dust 
problems. 
Technical Petformance - The overall technical achievement of the product, ivlien 
solving customers' dust problems. 
Added Value - The qualit-y of the extra available features such as, cylosion relief, 
pressure monitors, etc. 
Materials - The quality of the materials used. 
Construction - The quality of construction of the products. 
Recognition - To what extent DCE products are recognised b. v people not emploved 
b. v D CE. 
Overall Design - How DCE products' overall appearance compares to the general 
industrial environnient. 
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Feature 
I 
Weighted 
I 
Rank 
Comment 
1 Overall Design 552 Good 
2 Flexibility 549 Good 
2 Technical Perfonrnance 549 Good 
3 Construction 522 Good 
4 Recognition 504 Good 
5 Materials 495 Good 
6 Paint Finish 486 Good 
7 Added Value 393 Good 
8 Paint Colour 252 Good 
Table 31 
Table 31 shows that the best feature of DCE products is the complete design, 
followed closely by flexibility and technical performance. Although paint colour was 
ranked last, Table 30 shows 5% of the respondents had no opinion about the colour. 
Besides the product features shown above, customers gave other comments about the 
products. These were generally positive but the criticisms received were constructive. 
Some of the comments are below: - 
It was expressed that some applications would benefit by having monitors fitted to the 
dust collectors to indicate the blockage of a filter. A problem faced by the agro-food 
industry is the crevices and ledges inside the products that cause unhygienic 
conditions. Some customers said that DCE prices were out-of-line with competitors 
for some products, others thought the spare parts very expensive. Several customers 
complained of the limitations of DCE's standard sized, "off the shelf" products. 
Many customers often require a turnkey project, including dust control units and 
ducting supplied by one company. DCE products are easy to move if there is an 
alteration to the factory floor plan. Many customers explained that maintenance of 
DCE products is relatively easy. However there were some complaints that the DCE 
maintenance scheme was too expensive. One customer said the filter bags were good 
and if maintained lasted a long time. 
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4.3.0 Why Customers Choose DCE? 
Figure 32 shows that 49% of customers buy from DCE because of the advice and 
solution to their problem being given accurately by DCE sales engineers. 
Twenty-seven percent buy from DCE due to the competitive prices offered, 13 % for 
the service provided. All the countries reflected these results except the Dutch 
customers who put price slightly ahead of advice. 
Figure 32 
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The 10% giving other reasons for purchasing from DCE are below: - 
M 
Reason not given 26 
Standardisation 17 
Quality of design 16 
Performance 11 
Faithful to DCE 7 
Customers asked for DCE products 6 
Flexibility of product design 4 
Range & reliability of products 3 
Products matched specification 3 
Head room of product 3 
Advice & solution, price & service 2 
Value for money I 
Availability of spares I 
100% 
4.4.0 How Customers Know About DCE? 
Figure 33 shows where the customers have found out about DCE. Forty-three percent 
saw a trade advert in a magazine connected to a particular industry such as: Solids 
Handling, Quarry Management, etc. Twenty-three percent have seen DCE promoted 
at exhibitions and trade shows. Nearly 9% have received cold-call visits from DCE 
sales engineers, this method was only in the French and Dutch results but was high 
in those areas. Nearly 9% said they had never seen DCE promoted or advertised. 
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7he meihod of reaching DCL's customers 
Oihers (10.2%) 
Brochures (4.0%) 
Professional Magazines (4. Y", ... 
Don't Know (5.4%) 
x 
Engineer's Visit (8.7 %) -3LQ\\\\V, 
Trade Mcigazine5 (43.4%) 
Figure 33 
The others are below: 
(%) 
Direct Mail 3.1 
Yellow Pages 3.1 
Telesales 1.7 
Experience 1.3 
Adverts 0.6 
Recommendations 0.2 
Sides of vans 0.2 
10.2% 
The UK is the only country to have transportation with DCIE logos and slogans oil 
them. The USA is experimenting with telesales and from this response it is obviously 
working. Australia found Yellow Pages advertising very successful. Holland and tile 
UK are the only countries using direct mail but again the result suggests tills method 
of promotion works. 
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FAbitiors (23.0%) 
4.5.0 Service Given by DCE 
The custorners' opinions about various aspects of tile service given by DCE were 
obtained, Table 34 shows the results. The first shaded column shows the number of 
respondents for each statement. The total responses were 1350. Fifty-nine percent 
thought that the overall quality of service from DCE was good, 20% that it was fair, 
14% that it was excellent and 7% that it was poor. The second column shows the 
weighted rank that is calculated by scoring: the excellent responses with four, the 
good responses with three, the fair with two and the poor with one. Each response 
was multiplied by the relevant figure, i. e. 53 respondents thought that the pre-sales 
service was excellent, therefore the score was 212 - (53x4). Table 35 extracts these 
figures from Table 34 and shows the weighted rank in order of value. 
Features 
I 
Good Fair 
Pre-sales 53 212 138 414 32 64 4 4 
Recommendation of solution 59 236 140 420 23 46 8 8 
Installation 4 16 67 201 26 52 12 12 
Operating Instructions 22 88 150 450 55 
1 
110 13 13 
After-sales 25 100 98 294 51 102 32 32 
Product Maintenance Scheme 62 186 36 72 14 14 
Spares Availability 
Total Responses 194 - 
140 
795 
420 
- 
44 
26 
7 
88 
- 
11 
94 
11 
- 
Percentage of Total Responses 14 - 59 - 20 - 7 - 
Table 34 
The following list explains the meaning of each terni used in Table 35. 
Pre-sales - Any communication with DCE before an order being placed. 
Recommendation of solution - Ais is the assessment of the problem and the sohilion 
given by the sales engineer. 
Installation - The installation of the product, DCE does not install the products for 
all the customers. 
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Operating Instructions - The manual supplied or instructions given by DCF 
servicelsales engineers. 
After-sales - Communication after the sale has been completed. 
Product Maintenance - The productImaintenance scheme offered bv DCI---. Not all 
customers have this and it is only available in the UK. 
Feature Weighted 
Rank 
Comment 
I Operating Instructions 450 Good 
2 Recommendation of solution 420 Good 
2 Spares Availability 420 Good 
31 Pre-sales Service 414 Good 
4 After Sales 294 Good 
5 Installation 201 Good 
6 Product Maintenance Scheme 186 Good 
Table 35 
Installation and Product Maintenance Scheme are ranked low as DCE does not Install 
all the products and not everyone has the Maintenance Scheme. III the UK 'it appears 
that improvement to the Maintenance Scheme is possible as many respondents did not 
know it. After-sales service being low in the table implies that I)CE could possibly 
follow up sales more efficiently. Many respondents did not hear frorn DCE after the 
placement of their order. The operating instructions being at the top of the table 
prove that it is worth the effort producing these to tile high standard in all the 
different languages. Again DCE is highly thought of as the engincers rcconiniend 
solutions for solving the custorner's dust control problem and (to not just sell the 
product to them. 
Ail important aspect of service is delivery, custorner satisfaction with delivery times 
is shown in Figure 36. 
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Figure 36 
Eighty-two percent of the responses said that delivery times were acceptable. 
Belgium custorners thought that delivery times were 100% acceptable. The Dutcli 
thought that in 70% of cases delivery times were acceptable. Tile French in 60% ot 
cases and the Australians and USA customers in 90% of cases. 
The custorners commented about DCE's service to lielp make future i in prove me nts. 
Poor service to a custorner can cause a tarnished company iniage that call spread 
through industry much quicker than the ability to gain a good image. Some comments 
about DCE's present service follow. 
Ilee-sales - One company said that the sales department did not return calls with the 
required information. Opposing this, a company said DCE was excellent at supplying 
inforination and quotations. 
Recommendation of solution - There was ail example of' a sales engincer giving too 
many details about the hazards ot'dust. However opposing this, a sales engineer had 
not provided enough information about the duct work, fans, acoustic diffusers, etc. 
needed for a particular application. 
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Delivery - There were instances of deliveries taking four weeks longer than quoted, 
causing expensive delays to new plant in factories. Responses to delivery enquiries 
were not good. 
Installation - One customer said that there was not close enough supervision by DCE 
of a local subcontractor who installed the product. 
After-sales - One customer complained that he had never had an after-sales visit or 
any contact from DCE following the delivery of his unit. Another said a sales 
engineer had visited and started sorting out their problems but had not concluded the 
proceedings satisfactorily. 
Maintenance - One customer had not heard of the maintenance scheme offered by 
DCE and therefore had used another maintenance company. Another had subscribed 
to our biannual scheme but had not had a visit. The call-out fee charged by DCE was 
far too expensive according to some customers. On the positive side one company 
stated they rarely required this service for DCE products. 
Spares -A few customers complained about the long delay for spares. One also said 
that they were very expensive and that they had been forced to purchase from 
elsewhere. However, one customer said that he considered the spares service to be 
very good. 
Resellers - Two examples of problems with resellers arose. First one reseller said 
that after service did not apply to him as he simply installs the product and forgets it. 
This highlights a common problem of selling through resellers; their attitude may 
jeopardise DCE's quality image. The other example was a customer who had only 
experienced bad relations with DCE; he was in a dispute between DCE and a reseller. 
General Comments - On the positive side several customers stated they were very 
happy with DCE's service. One customer stated the best feature of DCE was the 
longevity of acceptable product designs and spares, he compared DCE products with 
the Volkswagen Beetle. 
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4.6.0 Competitors of DCE Ltd 
The customers named other companies they knew selling dust control equipment. 
These results differed in each country, the reviewing of competitors is completed in 
the next chapter but a summary of the results from the customers follows. In the U'K 
over 35 % of the competitors were small contractors, each only mentioned by one 
customer. This pattern followed in Holland with 28 % naming small local companies 
and in France with 15 %. Fifteen percent mentioned Airmaster, which reflects that 
Airmaster is a major competitor of DCE Ltd. In Belgium 30% mentioned Delta Neu, 
similarly in France 25% mentioned them showing their dominance of the European 
market. In Australia 50% mentioned Mikropul, in the USA the leaders were Fuller 
at 12 %. 
The customers gave their general opinions of competitor products they had used or 
seen. Table 37 shows the combined results. The first shaded column shows the 
number of respondents for each statement. The total responses were 489. Fifty-seven 
percent thought that the overall quality of the competitor's products was good, 28% 
that it was fair, 9% that it was excellent and 6% that it was poor. If there is a 
comparison of these results to those given for DCE products earlier, DCE scored: 
65 % good overall products, followed by 16 % excellent, 13 % fair, 1% poor and 5% 
no opinion. The second column shows the weighted rank, calculated by scoring: the 
excellent responses with four, the good responses with three, the fair with two and 
the poor with one. Each response was multiplied by the relevant figure, i. e. 21 
respondents thought that the technical performance of the competitors products were 
excellent, therefore the score was 84 - (2lx4). 
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Feature 
I 
Good Fair 
I 
Technical Performance 21 84 111 333 31 62 4 4 
Product Design 16 64 99 2 
J97 
43 86 1 1 
Aesthetic Appeal 8 32 6S 2()4 204 65 130 13 13 
Total Resp uses 278 - 139 - 27 - 
Percentage of Total Responses -57 
28 6 
Table 37 
4.7.0 Customers' Future Requirements 
There was a question included about the future requirements the customers predicted 
froin DCE to produce possible opportunities that DCE may pursue. However many 
customers simply stated future products from tile current range that they may require. 
The other requirements are shown below: 
Many custorners require a complete package including dust control unit, ducting, 
installation and a regular service scheine. More specifically several customers 
required spray booths as part of a package. One custorner wanted a systern for 
separating dust frorn exhaust furnes emitted frorn a cooler. Another required a 
method for safe disposal of the dust after the collection by the DCE units. Many 
customers requested a product maintenance scheme similar to that operated in the UK. 
4.8.0 Customer Details 
When undertaking any form of research, it is essential to include some questions 
regarding the type of custorner that responds, ensuring a fair representation. The 
results from these questions are given below. 
Customers provided their typical annual turnover, Figure 38 shows the results. The 
British custorner profile followed that shown in the graph, the Belgian customers made 
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up 40% f lOrn-Min and 40% > f50m, the Dutch customers showed a similar pattern. 
The French were evenly spread throughout the bands with a slIghtly higher percentage 
in the > f50m. The largest segment for the Australian customers was tile fI in-f 51n 
segment. Surprisingly 69% of the US customers fell below tile f5m band, DCEý Inc. 
obviously have lots of smaller customers compared to other DCE conipanies. 
Figure 38 
The customers gave their primary business, Figure 39 shows the results. The largest 
industry represented was the agro-food industry at 24%, followed by industrial 
machinery at 15%, resellers at 14% and stone, glass, concrete equalling chemicals at 
13%. 'rhe different markets did reflect the different industries present Iii them. For 
example the domination of the UK market was by the chemical industry closely 
followed by stone, glass & concrete and the agro-food industries. 
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Figure 39 
Belgium, Holland and France followed the pattern in the overall results. Australia 
lead equally with the industrial machinery and agro-food industries, followed closely 
by chemicals and resellers. The US market lead with industrial machinery, followed 
by stone, glass and concrete and tile chernical industries. 
4.9.0 Customer Survey Conclusions 
To understand a company fully it is essential to know what its customers think of the 
service and products provided. Tills in turn will help the compally develop new 
products that its custorner wants. The research showed that the custorners thought the 
major strengths of DCE were quality products, expertise in different applications and 
reliable service. It is important to find this out as often the strengths that the 
company believe it has, do not always inatch those its custorners believe it has. 
The following reasons for DCE custorners buying dust control equipment are equally 
important: the dust causing a health risk to employees, government legislation, 
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product reclamation and the danger of dust clogging up machinery. The customers 
rated DCE products as good with over 80% saying they were good or excellent. This 
compares to just over 60 % of customers believing competitor products were good or 
excellent. The qualities of DCE products were overall design, flexibility and 
technical performance. The customer comments led to investigations into developing 
the products further. The customers said the main reason they purchased products 
from DCE rather the competitors, was the advice and solution to their dust problems 
provided by DCE. Over 70% of the customers thought DCE's service was good or 
excellent. 
DCE promotes itself very well with 43% of the customers questioned having seen 
advertisements in the trade press and 23 % seeing them at trade shows and exhibitions. 
Regarding competitors the European markets have large numbers of small local dust 
control companies. The advantage of this to DCE is its portrayal as a large 
dependable company. The disadvantage is that these companies often sell their 
products at a cheaper price than DCE. A few major competitors dominate Australia 
and the USA. 
Given the opportunity several customers stated future product requirements. These 
were either additional existing products or enhancements to the current products. 
Questioned in this format it would be very unusual for a customer to come up with 
a revolutionary new product idea. The majority would provide an enhancement to 
dust control specific to their industry, such as a paint spray booth. 
Customers are an important source for developing existing products or requesting 
products that would be useful in their industry. When faced with a blank sheet of 
paper and asked for innovative product ideas they will face the same problems as most 
individuals -a blank mind. 
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5.0.0 COMPETITOR SURVEY 
An important area for gathering information about a company and its markets is a 
review of the competitors. This is often a neglected source of valuable information. 
Competitor information is usually in the minds of all the sales teams as they come 
across competitor products and quotes every day. The passing on of this information 
is rare, even if a system is set up, the last thing salesmen want is more paperwork. 
Desk research is the main method to back up informal interviews with company 
employees regarding the competition. As many brochures as possible need to be 
collected from competitors. The sales team will know competitors' names and 
directories such as Kompass and Yellow Pages will also have them. Associations 
sometimes provide information about its membership but the dust control market has 
no such organisation. 
In the UK Companies House provide detailed accounts information about registered 
companies, this is useful to calculate the market size and share. This is difficult to 
obtain for smaller firms that do not register their turnover at Companies House. Also 
companies like DCE that is part of a large holding group do not disclose the 
individual results for each of their subsidiaries. Knowledge from finance, sales and 
marketing employees can accurately estimate the turnover where information is 
lacking. 
It is important to look for research already undertaken in the industry, this could save 
time and money. There is no point in repeating research already done, but it may 
require updating. 
The development of new product ideas can often arise from looking at competitors' 
products. This is known as the "Me Too" process, the company can develop and 
build on another competitor's product and take some of the market share. Many of 
DCE's competitors have successfully done this. 
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5.1.0 DCE's Competitor Survey 
The remainder of this chapter refers to the Competitor Survey undertaken at DCE. 
Each of DCE's main territories was researched; the German competitor information 
is given as an example. 
5.1.1 Aerob 
The company was founded in 1966 and now jointly owned by Jongerius (Netherlands) 
and Jacob Handte (Germany). There are 22 employees who manufacture and sell 
pocket/envelope fabric filter products. The 1985 turnover was fl. 3 million. Aerob's 
customers are from the chemical, plastics, pharmaceutical, food and engineering 
industries. Their own customers are from Germany and Benelux they have 
distributors in Switzerland and Austria. 
The main products are wet collectors a basic form of dust control using water to 
dampen-down the dust. They also make fabric filter units, insertables and bag house 
type products. The filters are mechanically shaken or pulse jet cleaned and are 
available up to 250ml cloth area. They developed a cartridge filter but it was 
discontinued due to technical problems. 
Country Market Share 
Gernmy I% in 1989 
5.1.2 Beth 
Beth was founded in 1921 and manufactures and sells dust collection equipment. It 
now has 31 employees and is the largest dust collection specialist in Germany. The 
1989 turnover was E15 million. Contract companies buy Beth products throughout 
Europe and South America. Forty percent of the sales are exported to the Eastern 
Block. Fifty percent of the turnover from Germany comes from original equipment 
manufacturers (OEM's). The distribution of sales by industry type within Germany 
is as follows: - 
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Industry Percentage 
Stone and Earth 
(including cement and asbestos) 
30 
Iron, Steel and other metals 30 
Chemical 20-25 
Others 15-20 
Beth anticipates a growth in the power plant industry. 
Beth manufacture a range of tubular and cartridge filters that are available as 
cylindrical and angular units and are pulse jet cleaned. Distributions for turnover are 
as follows: - 
-Product 
Types Percentage of Turnover 
Fabric Filters 
Electrostatic Precipitators 
90 
10 
100 
Pulse Jet Cleaned Fabric Filters 
Reverse Air Jet (made to order) 
99 
I 
100 
Tubular Bag Filter ZP 
Pocket Filter 
Cartridge Filter 
90 
5 
5 
11 
100 
Eighty percent of the products sold have a cloth area of more than 200ml "It they 
anticipate a growth in the smaller units (50ml or less cloth area). 
5.1.3 Herding 
Herding developed and patented the sintered polymer element, they supply polymers 
to DCE and filter elements to many other companies. The 1989 turnover was E4 
million. Thirty percent of Herding's elements go to OEM's, particularly to paint 
spraying equipment manufacturers. Other industries to which they sell are: machinery 
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builders (OEM's), machine tooling manufacturers, cement and mining, 
pharmaceutical, chemical and plastics. 
Most of the filters are pulse jet cleaned and are in the following sizes: - 
Cloth Area Percentage of Turnover 
Less than 500 50 
510 to 150mý 35 
1510 to 10000 15 
100 
5.1.4 Intensiv-rilter GmbH & Co KG 
Intensiv was founded in 1922 and now has 500 employees. In West Germany Intensiv 
is the market leader for fabric filter dust control products. To cover the whole 
available market Intensiv acquired Infastaub, a German manufacturer of small dust 
filters, and Solidex a manufacturer of acoustic equipment. 1989 turnover was E33 
million. Seventy percent of the turnover is from exports, mostly to Scandinavia and 
other parts of Europe, and there are licensees in Japan and South Africa. They have 
seven regional offices in West Germany. 
The industries to which Intensiv sells are as follows: - 
Industry Percentage of Sales 
Chemical & Pharmaceutical 25 
Stone & Earth 15 
Cement 10 
Steel Mills & Iron Castings 12 
Mining I 
OEM's 37 
100 
Intensiv has a vast R&D department, employing 20 engineers, resulting in high 
levels of product development. Ninety-five percent of the turnover is from tubular 
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fabric filter bags that are pulse-jet cleaned. These products are available as angular 
and cylindrical units. The distribution of product types sold are as follows: - 
Type of Product Percentage of Turnover 
Urge Custom Built 
Insertables/Top Mounted 
80 
20 
100 
Other products sold by Intensiv include: cyclones, wet scrubbers, fans, extraction, 
cartridge filters, heat exchangers, silencers and acoustic enclosures. 
Intensiv expects an increase in sales of flue gas cleaning systems. They do not expect 
sinter-plate elements to be serious competition as they cannot cope with high dust 
loads or high volumes of air. DCE personnel say that Intensiv products' technical 
performance is excellent and aesthetic appeal and product design is good. 
The product brochures are confusing as they are in three different languages resulting 
in the text being difficult to follow. 
Intensiv market shares are as follows: - 
Country Market Share M Increasing/]Decreasing/Stable 
UK Not Available 1990 Stable 
Germany 12 in 1989 Not Available 
Spain 12 in 1985 Not Available 
France 6 in 1990 Not Available 
Holland 5 in 1989 Stable 
South Africa 5 in 1990 Stable 
Belgium 10 in 1989 Not Available 
Spanish sales are through a licensee called Gorco, which employed 10 people in 1986. 
Turnover in 1986 was E850,000. Key components from Germany are subcontracted 
to local sheet metal companies for assembly. Approximately forty large fabric filters 
are made each year. 
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Infastaub was founded in 1968 and is now a subsidiary of Intensiv. There are five 
employees working for Infastaub. Turnover in 1989 was 0 million. They 
manufacture pulse-jet cleaned pocket, cartridge and Micron cassette filters, which are 
all small filters. The product brochures are in three languages but are easier to read 
than Intensiv as they are colour coded. 
5.1.5 Keller 
Keller was founded in 1903, it is now the third largest company in the German 
market, just ahead of Luhr. The company is a small private enterprise with a 
Managing, Commercial and Technical Director and eight team leaders, with 250 
employees. They are a reserved company, as they were concerned how the author 
obtained their address, when enquiring for product literature. 
The 1989 turnover was E19 million. The company originally made fabric filters and 
cyclones for the timber and wood-working industry. Their customers are now from 
the following industries: - 
Industry Percentage 
Metal 45 
Chemicals (Including asbestos, 30 
cement, plastics, glass, etc. ) 
er & Fumiture 25 
100 
Twenty-five percent of the sales are to OEM's. Growth industries are glass, ceramics 
and high technology engineering. 
There are 10 German based offices and exports to France, Benelux, New Zealand, 
Taiwan, Switzerland, Spain, Italy, Scandinavia, Canada, Brazil, Soudi Africa, India, 
Indonesia and Japan. The exports make up 20 % to 30 % of the turnover, the majority 
being to Benelux, Switzerland and France. 
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Their products are as follows: - 
Capturing Elements & Humanized Work Stations - Exhaust Hoods, Revolving 
Mechanisms, Exhaust Nozzles, Exhaust Screens, Working Cabins, Work Benches. 
Dry Dust Collectors, Surface Filters, Bag Filters & Cyclones - Surface Filters, 
Sintered Filters, Cartridge Filters, Bag Filters, Hot Gas, Circular Filters, Explosion 
Relief, Silo Filter Tower, Cyclone Separators, Pre-separators. 
Wet Dust Collectors - Scrubbers, Radial and Axial Fans. 
Duct Elements - Spiral Steel Wound Ducts, Galvanized Fittings, Flexible Tube, Sheet 
Steel. 
System Components - Rotary Valves, Double Gate Valves, Change-over Dampers, 
Stop Valves, Turning Knuckles, Telescopic Tube, Emission Control, Temperature 
Control, Fire & Explosion protection, Lever Control. 
Safety, Control & Measuring Methods - Measuring, Controlling Safety Equipment, 
Engineering services, Measuring Laboratory. 
Technical Information, Service and Plant Engineering - Waste Disposal for Dry & 
Wet Dust Collectors, Assembly, Adjustment, Test Run, Commissioning, Inspection, 
Maintenance, Spare Parts. 
The dust collector product range by turnover follows: - 
Product Type Percentage of Turnove 
Dry Filters 69 
Scrubbers & Wet Filters 30 
Cyclones I 
100 
Keller is Herding's largest customer for sintered elements. They are in the Uni-Star 
that is a unitised product constructed to form a large bag house product. 
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They tend towards larger products with their smallest collector having a 30ml cloth 
area. The distribution of products by cloth area is below: - 
Fabric Area Percentage 
Under 50mý 50 
51mý to 150nlý 25 
151m? to 250mý 15 
251mý or ov r 10 
100 
The company brochure is informative and aesthetically pleasing it also has a strong 
logo. The logo is the end of tubular filters in a distinctive orange and black colour 
scheme. Keller believes publicity is a worthwhile expense if it secures large 
contracts. Market research is undertaken by Keller as they realise they have to ask 
their customers' requirements. Market shares are as follows: - 
Country Percentage (%) 
Germany 9 in 1989 
Italy 5 in 1989 
Belgium 5 in 1989 
5.1.6 Luhr 
The company was founded in 1928 and now has 325 employees. 1989 turnover was 
E21 million. They manufacture envelope filter products that look very similar to 
DCE's. Their other product is a flat tube heat exchanger. DCE personnel say that 
Luhr products' technical performance is good but product design and aesthetic appeal 
are poor. Market shares are as follows: - 
Country Market Share (%) Increasing/Decreasing/Stable 
Australia 5 in 1990 Stable 
The Luhrfilter Ltd sales office established in 1974 in Birmingham had a 1989 turnover 
of ; C1 million. Eighty percent of turnover is from fabric filter products. 
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5.1.7 SEKO 
Founded in 1964 the company employs 150 people. They had a 1989 turnover of E9 
million. SEKO assembles and distributes pocket/envelope filter products 
manufactured by Fuchten Kotler, a German sheet metal manufacturer. Market shares 
are as follows: - 
Country Market Share 
Germany 1.4 in 1985 
5.2.0 Competitor Response Rates 
To complete the Competitor Survey, 24 companies were contacted. So that a 
comparison of the response times was possible, DCE was included. This is not a true 
reflection of response times as the companies probably treated the enquiry as a cold 
lead as it was from a student. A chart showing the length of time that each company 
took to reply, if at all, follows. Competitor Response Rates 
Figure 40 
rorit Donaldson 78 days 
51aeri 
Sinto Dust Collector Co 52 days 
SEKO 
Mikropul 
Klekens 
Keller 19 days 
Intensive ---9 days 
Infastaub ------9 days 
Industrial Filter A/B Sweden 
Industrial A/S Denmark 
Hosokawa Micron 
Hojo, Kowa 
Flexkleen 
Flgkt 25 days 
Dustech 
Ducon Clones 
Delta Neu 27 days 
DCE 19 days 
Clyde Carruthers - 25 days 
Amano Co Ltd - 12 days 
Airmaster 8 days 
Air Jet 
AAF 
June July Aug 
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The quickest relative response was from the Japanese company Amano who took 12 
days to reply from Japan. DCE was disappointing as it took 19 days to receive the 
reply at Loughborough University. This was due to incorrect labelling with no name, 
position or department. 
The quality and quantity of data varied, DCE appeared to provide the most 
information, others provided product brochures but not specifications, some just 
provided annual accounts or company brochures. So knowledge of competitors is 
updated DCE's Marketing Department should continually have brochures forwarded 
to them by Group Companies. 
5.3. '0 Market Shares 
The following tables are DCE Group Companies and competitor market shares. The 
tables show: the market share, the level of competitive aggression towards DCE and 
the total perceived markets in value. 
LEGEND TO TABELS OF COMPETITOR ANALYSIS 
I 
FILTRATION AREAS 
(ml) 
I 
PERCEIVED MARKET 
SHARE 
COMPETITOR 
0/45 0/45 0/45 
3 
5% 
x 
LEVELS OF ANNOYANCE 
TO DCE 
(non-aggressive) -5 (very aggressive) 
PERCEIVED COMPETITOR 
PERFORMANCE 
GROWING 
STATIC 
DECLINE 
Figure 41 
X-INDICATES WHICH SIZE 
OF FILTERIS COMPETITOR 
IS IN. 
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SUMMARY OF WORLDWIDE COMPETITOR ACTIVITY - INTERNATIONAL (Aug 1990) 
DCE Toritt Donaldson 
Intensiv/ 
Infa Staub 
I 
AAF 
Hosakawa 
Ducon 
(Mikroo,, l) 
I 
Flakt 
I Neu/ 
Delta Neu Airmaster Flexkleen 
Market 
Sharetvalue 
01 
45 
i 
20 120 
0/ 
45 
1 451 
1201 
0 
120 
/ 145/1 
45 120 
0 
120 4 
1 1451 ý 
20. 5 120 
01 
45 
14rd 1 
120 120 
0/ W1 
45 10 
ý12 
C 120 
01145/1' 0 
45 120 120 
/1 
451 
4511 
1201120 
U. K. 2 
5% 
1 
- 
ý 
2 
6% .1 
2 
4% 
1 
2% - 
3 
6% 10 
5 
12% .I 
0 
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Figure 42 shows the main worldwide competitors. The explanation of the table uses 
the first five companies in the UK market. DCE has 30% of the f-40m a year UK 
market. Torit has dust collectors with filtration areas to over 120M2 as indicated by 
the "x" at the bottom of the box. They have 5% market share and are in a static 
growth phase. With a score of two they are not very aggressive towards DCE. 
Intensiv has dust collectors with filter areas over 120rA2, they are static and are ev eln 
less aggressive than Torit. AAF has dust collectors with filter areas over 120ml- 
They have 6% of the market share and are growing but are also not very aggressive. 
Mikropul has dust collectors with filter areas between 45m' and 120M2 - They have 
4% of the market share and are declining and are not aggressive. 
The conclusion on a world basis is DCE has little to worry about from any of its 
competitors as there are currently no aggressive players in the market. When looking 
at individual countries, the UK has to watch Airmaster, Delta Neu and AAF carefully. 
They are all showing signs of growth and Delta Neu and Airmaster have similar 
products to DCE and are very aggressive. Germany and France's main threat comes 
from Intensiv and Delta Neu, Holland and Belgium's are from Torit. South Africas 
and the US's threat are from Torit, Australia's and Japans is Mikropul. 
Figure 43 shows the competitor activity in the same way but locally. This confirms 
the findings from the Customer Survey that there are many small local competitors 
in each country. 
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SUMMARY OF WORLDWIDE COMPETITOR ACTIVITY - LOCAL (Aug 1990) 
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5.4.0 Competitor Product Analysis 
According to Pugh (Ref. 84) a most rewarding area as far as new product 
development is the use of Parametric Analysis. The use of Parametric Analysis can 
identify a product's place in the market in relation to the competition. It is also 
possible to view the interrelationships between parameters in the product under 
consideration. The aim, is to cross-plot as many parameters as possible to see if 
relationships exist, usually only half show strong relationships. Many of these are 
previously unknown. Many cross-plots may seem illogical but they must be 
completed as the most interesting information often comes from them. 
To establish DCE products' strengths and weaknesses, they require comparing to the 
competitors' products. By comparing the specifications of products, opportunities can 
arise for DCE to modify their products and take market share from competitors who 
do not undertake such analysis. 
DCE's most popular products in each range were selected. Competitor brochures 
were then used to find similar products' and the specifications taken. This was 
difficult as every company provides different information and there is no guarantee 
that the measurements are accurate. 
The data was input on to a spreadsheet and analysed by creating graphs using different 
axes. The reason for doing this is that if the marketing and selling of all the products 
are the same, the specifications should give similar results. The graphs are beneath 
the tables. There is a circle around DCE's specifications. Comments are provided 
for each graph and the most interesting shown below. 
Figure 44 compares the net weight of Dalamatic Unit type products against the filter 
area. The figures used to plot the graph are in Table 45. 
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Company Filter Area (mý) Net Weight (kg) 
DCE 30 1010 
Airmaster 30 690 
Amano 27 510 
Sinto 34 Not Known 
Torit 33 995 
AAF 28 -57 FO- 
Infastaub 30 995 
Kiekens 30 Not Known 
Industri Fi 29 570 
Mikropul 32 882 
Delta Neu 30 675 
Table 45 
The graph shows the Delta Neu and Airmaster products have the same filter area as 
the DCE (circled) and Infastaub products (30m'). But they weigh much less at 675kg 
and 690kg. This led to an investigation into the strength of steel used by DCE 
compared to its competitors. There was also a review of possibly reducing the gauge 
of steel without jeopardising the strength and robustness of the product. 
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Figure 46 plots the fan motor sizes of Unimaster type products against the filter area, 
again Table 47 provides the figures used. DCE shown circled is along way from the 
competitors, it had a more powerful fan to extract the same quantity of dust laden air. 
This means that the product uses more electricity and is likely to be noisier due to the 
increased power of the motor. DCE investigated this and launched a new fan with 
a motor of 2.2 kW that brought it in line with the competition. DCE reviewed all its 
fans and has consequently brought in a development scheme to update all the 
products. 
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Figure 46 
Company Filter Area (in) Fan Motor Size (kW) 
DCE 14 3 
Airmaster 15 2.2 
Amano 14 2.2 
Torit 13 2.3 
Torit 14 2.3 
Infastaub 13 2.2 
Table 47 
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5.5.0 Conclusions 
There are many companies within the dust control market offering solutions to their 
customers' dust problems. It is important to know as much as possible about the 
competition. This knowledge ensures that if there are new products or expansions 
into new markets those undertaking product development know of these. If any of 
these moves happen, the company should be aware of its own strengths and 
weaknesses. It can do this by undertaking a company audit and deciding whether to 
follow. 
Competitors can be a source of product development; but unless an adoption of a 
"me-too" philosophy occurs to enhance the product further there is little point in 
copying. As shown by DCE's worldwide dominance of the dust control market, 
companies that purely copy a competitor will struggle to get ahead of the innovator. 
This is particularly the case if the innovator keeps ahead of the market with new 
product development. 
The amount of information supplied by competitors differs from general company 
brochures to full product specifications. The data gathered is not a true reflection of 
what the company would supply to a hot sales lead. 
As DCE has such a wide geographic presence, that has been established for many 
years they have little to concern themselves on an international scale. Local markets 
face threats from smaller regional companies. These companies can often 
manufacture or assemble dust collectors cheaply locally. They then sell them for a 
reduced margin compared to DCE's imported products that have increased margins. 
As mentioned in previous chapters it would also be possible for a competitor to 
develop the latest dust control technology. The conclusion from the competitor study 
is that DCE's rivals all sell very similar products. It would only take one of them to 
develop something revolutionary to threaten DCE's world dominance. The product 
analysis shows that on a small scale this has already happened. DCE was out-of-line 
ill 
compared to the market regarding its fan range being more powerful and therefore 
more costly and noisier than the competition. This type of analysis also questioned 
the strength of steel used by DCE compared to some competitors. DCE's was heavier 
which makes the dust collectors more robust but this is at a cost. Research was 
required ensuring this is an essential feature. 
Competitor research can therefore identify possible threats at an early stage so that 
constructive actions can occur before market share is lost. With regular company 
audits and customer research this data should form the basic building blocks for any 
organisation to successfully develop and grow. 
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6.0.0 THE STRATEGY FOR NEW IDEAS USING DELPHI 
When faced with a blank sheet of paper and a company requiring a new product, the 
place to start is to assess what the company does now. The previous chapters 
explained this process and some new products did emerge, many companies would 
have stopped there. Those processes did not generate totally new ideas outside the 
present company's activities. To achieve this there is a requirement for a far more 
radical approach, with more lateral rather than logical thinking. 
A problem with the project was the limitless boundary with no direction from DCE. 
The remit suggested that if the product was profitable there would be resource to 
develop it, even to the extent of new manufacturing processes. With such huge scope 
it is very difficult to ascertain where to begin, the saying "a needle in a hay stack" 
continued to crop up in conversation. 
The main problem was that only one person faced this challenge and alone could not 
come up with sufficient ideas. Even after undertaking the extensive research already 
discussed, new ideas outside the industry were impossible. As discussed previously 
a sudden rush of creative imagination is rare and unpredictable. The answer that 
emerged was for many different people to provide their ideas about new products. 
An adaption to the Delphi Method seemed the answer. Traditionally the Delphi 
Method has identified the timing of certain events. Usually for the prediction of sales 
forecasts for new products. The Delphi Method also appears to offer an ideal solution 
for collating ideas from various sources that would otherwise be difficult to 
communicate with (Ref. 85). 
Having identified the methodology, it was necessary to develop the strategy that had 
to include the following: first finding people to take part in this exercise; how many 
people or more importantly how many could be managed? ; how could this exercise 
be successfully completed? The next issue was what questions to ask? It would be 
useless providing a blank sheet of paper, putting everyone in the same position as the 
researcher. 
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6.1.0 Selection of the Panel 
There is no publication for the strategy of physically selecting the panel members in 
any of the research previously undertaken on the Delphi Method. The description of 
the panel is simply as experts in their field. They appear as this anonymous group 
of people that have answered questions for the research, there is no indication that this 
is a voluntary contribution. 
To obtain names of possible people for the panel it is necessary to understand as much 
as possible about the area of research. Desk research is the first stage of this process, 
then a series of face-to-face interviews enables the researcher to understand particular 
areas further. This stage also helps to determine the general interest of different 
people in the research and the methodology. The Japanese/German Foresight Delphi 
study (Ref. 75) contacted people from different areas to form a steering committee to 
develop their initial questions. So far there were few contacts made, but for the 
project to be a success there was a requirement for the involvement of many more 
people. Possible sources of relevant names are conference delegate lists, the 
cooperation of Government Departments, industrial associations, interested/relevant 
associations and groups, contacts from friends, relatives and work colleagues. 
6.2.0 Size of the Panel 
The next issue is how many people should be contacted, in any research this is always 
a difficult question. Usually the determination of this is by time and budget 
constraints. As the Delphi Method uses questionnaires a disadvantage of the method 
is the delay between each questionnaire. It takes time for the posting to and from the 
participants and researcher, time to fill them out and analyse the results and time to 
then construct another questionnaire. Therefore the size of panel is how many tile 
researcher can manage to analyse. This in turn depends on the type of questionnaire, 
the simpler the format the easier the analysis. 
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6.3.0 Questionnaire Design 
Hiring a huge venue for a debate with the panel would end with no tangible results, 
as it would be impossible to control such a meeting. A postal questionnaire seemed 
a feasible way forward, at the time of starting the research personal computers were 
rare and experiences of missing faxes made this option impractical. 
A problem with the Delphi Method is how to construct the first questionnaire, 
particularly if a broad subject area needs investigating. Desk research and interviews 
with some experts in the subject areas can help produce subject headings. All of the 
published research using the Delphi Method has used straightforward questions, 
requiring simple multi-choice type answers. The Japanese/German Foresight Delphi 
discussed their question (Ref. 75) as follows: 
1 Importance: Impact of the topic on research and development, economy and 
society. The answers were a choice of high, medium, low or none. 
2 Time of Realisation: Estimation of the time of realisation. The answers were a 
choice of before 1995,2001-2005,2006-2010,2011-2015,2016-2020, not before 
2020 or no opinion. 
3 Accuracy of Time Determination: Estimation of accuracy of time determination. 
The answers were a choice of high, medium or low. 
4 Necessity of International Co-operation: The answers were a choice of is it 
absolutely necessary, necessary, helpful or not necessary at all. 
5 National Levels: Who is leading research and development? The answers were a 
choice of USA, Japan, another country or Germany. 
6 Constraints for Realisation: the choice of answers were technical problems, legal 
aspects, cultural factors, development costs, shortage of investment, human resource, 
research and development or other choice. 
These answers are fairly simple to analyse as they are a multi-choice type and not 
interactive. The researcher will not get any totally new ideas from this approach. 
From earlier research such as the CAD/CAM International Delphi Forecast (Ref. 71) 
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the structure of question was a choice of year from 1980 to 2000 by which time an 
event will have occurred. The second type of question required a percentage answer 
to what extent the manufacturing industry would be using the technology by a given 
year. Again a very simple technique of finding when certain events are most likely 
to occur. 
This research was very different as it did not want predictions of when predetermined 
events would occur. It wanted predictions of what those new technologies would be 
and how they might deliver new product ideas. There was the need for a far more 
open questionnaire design to stimulate further ideas. Distinct areas needed developing 
which desk research would find. To ensure the panel provided a thorough answer 
there was an initial scenario about the subject area before the questions. Hopefully 
this would stimulate the panellists to respond and challenge the assumptions, initiating 
debate. There were then relevant questions about the subject. They were a 
combination of multiple-choice and free format questions to keep the interest of the 
participant and to stimulate ideas for incorporation into future questionnaires. 
The questionnaire ended by asking for any comments the panellists wished to make. 
This shows a far more flexible approach than the traditional Delphi. The answers 
could also be paradoxical which describes the Delphi process far better than the term 
questionnaire that means a formulated series of questions. 
After interviewing key people with knowledge of the subject area and undertaking 
desk research there was the design of an initial survey. There were three main 
reasons for the initial survey questionnaire that went out with a letter inviting people 
to take part in the research. First there was little knowledge about these people, 
others had recommended them or their names were from delegate lists, Associations, 
Government Departments, etc. To undertake any research it is essential there is a 
profile of the respondents. It is vital that the initial contact with the panel is at the 
correct level to stimulate interest in the research. This is difficult with such a diverse 
range of people. If communication is not good the Delphi Model will not work, the 
largest amount of work is completed before contacting the panel. 
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The Japanese/German Foresight survey (Ref. 75) asked their panellists to choose their 
degree of expertise in the chosen area, from high, medium, low or none. The 
Foresight survey failed at this point as they knew very little about their panellists. 
Sometimes they provided them with more than one questionnaire from different 
technical areas. They asked the panellists to choose which was their expert area. 
This seemed to annoy the prospective panellists as they viewed this choice as tile 
researchers not completing the background research well enough. Many panellists 
therefore decided that they would not bother wasting their time responding to the 
research. 
The second reason for the initial survey was to find out the level of expertise in 
various areas of interest. Hopefully by asking the panellists for other areas to 
include in the research some new topics might arise. The third reason was to get 
names of possible new respondents to take part. At this stage the research had to be 
very open. It could be restricted later in the process if necessary but it would be 
difficult to go in a completely new direction later in the Delphi process. 
6.4.0 Analysis of the Questions 
The most important subject before conducting any research is the establishment of the 
analysis technique to obtain the results. The design of questions without considering 
this may result in unclear results. As mentioned previously, when undertaking a 
Delphi study an important consideration is the speed of returning questionnaires to the 
panellists. Therefore, it is essential to have the analysis methods designed before the 
study begins. Unfortunately there is no published work on the methods of analysing 
Delphi questionnaires. 
For the tick-box/multiple choice type questions the results were analysed using a 
computer spreadsheet and then graphs/pie charts to show the pattern of the results. 
Many questions were free-format design enabling the panellists to answer how they 
chose. The analysis of such random answers cannot be thoroughly examined using 
a two dimensional computer package. Spreadsheets can analyse "xy" data and often 
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a secondary y axis can be added, the combining of files is possible so that the stacking 
of graphs can occur. These are good methods for some analysis but most of the 
questions in the Delphi triggered random answers from the different experts. 
The answers varied considerably, ranging from a general overview after reading about 
the subject in a newspaper article to an expert opinion from someone working in that 
area. The only method available to analyse the answers within a short time frame and 
ensuring the answers provided a lot of information is the human brain. The brain is 
very good at organising data into patterns. To date no computer can match this 
method that is discussed further in the next Chapter. 
6.5.0 Traditional Delphi Method compared to this Research 
This section explains the differences between the traditional Delphi Method described 
previously and this research. Traditionally the Delphi Method has several 
predetermined results it wishes to obtain, usually this is a prediction of the date by 
which time a particular event will occur. Figure 48 depicts this by a large amount 
of knowledge being known by the researcher at the beginning of the Delphi. Various 
questionnaires establish a consensus opinion about a focused and targeted 
predetermined idea. 
This research has used a different approach as shown in Figure 49 by beginning with 
the researcher having limited knowledge of the subject area. Again using various 
questionnaires but with a very different outcome, the generation of many ideas. 
Using an analogy to compare the two methods a dandelion seed head is the example. 
The traditional Delphi would simply predict the percentage of seed falling on to 
various predetermined surfaces such as fertile soil, concrete, rivers and streams. This 
research would provide information, and again comparing this to the dandelion: some 
of it would be of interest like the seeds falling onto fertile soil; some useless like the 
seed falling onto concrete and some would trigger further ideas like the seeds falling 
into a stream and carried to other fertile soil. 
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6.6.0 Conclusions of the Strategy 
After completing some basic market research methodologies such as: company audits, 
customer and competitor surveys and gap analysis resulting in the development of new 
products and organisation structure changes, many companies would not look for 
further development techniques. None of these processes generated totally new ideas. 
To do this there is a need for an approach using lateral and logical thinking. This 
project also had a limitless boundary, with, if necessary the remit to invest in new 
manufacturing processes'. 
Faced with a blank sheet of paper and the research previously undertaken one person 
could not come up with enough ideas. The answer that emerged was to ask as many 
people as possible to provide their ideas about future new technologies and possible 
products. To undertake this, an adaption of the Delphi Method is the answer. To 
prove this, a strategy required formatting. 
There is never a discussion of the strategy used for selecting the panel in previous 
Delphi research, although it is probably the most important process. To get this right 
completion of extensive desk research and face-to-face interviews is necessary. The 
only Delphi study to mention the panel was the Japanese/German Foresight project 
(Ref. 75) and they also set up a steering committee to help develop the initial 
questions. Even with this group that help to develop questions and understand the 
research area, there are not enough people to undertake the research. By contacting 
interested groups, conference delegate lists, industrial associations, Government 
Departments and contacts from friends, relatives and work colleagues more people are 
found. 
The next issue is the size of the panel, as with any research the budget and time 
constraints determine this. The time is the limiting factor of the Delphi Method: it 
takes time to post, respond, return and analyse the questionnaires and then a new 
questionnaire to be designed using the results from the last one. Therefore the si'ze 
of the panel depends how many the researcher can process. This in turn depends on 
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the questionnaire design, simple questions with multi-choice answers require a 
relatively simple computer package to analyse the results, which can be completed 
quickly. 
The questionnaire design is another problem with the Delphi Method, again nothing 
has been written about this. All the research completed using the Delphi Method have 
only used straightforward questions, requiring simple multi-choice type answers. 
However totally new ideas will never occur with this approach as the answers are 
predetermined. This research required to know what the new technologies would be 
and if possible what new product ideas these might deliver. A combination of free- 
format and multi-choice questions ensures there is enough information. To help 
stimulate the panel a scenario on the particular subject proceeds the questions. The 
completion of this was by desk research and interviewing the steering committee. 
An initial survey would ensure that the panel members wanted to take part in the 
research and provide more information about them. The Japanese/German Foresight 
project (Ref. 75) failed at this point as they did not know enough about their panel. 
This consequently annoyed many of them by asking them about subjects they had no 
knowledge of. The survey would also provide further topics within the subject area 
that members of the panel were interested in. This would encourage them to see the 
project through to the end. Finally it was a method of getting more panel members 
as the quest ionnaire included a section to volunteer other names of interested parties. 
The final part of the strategy was to decide the method of analysing the questionnaires 
- the most important task before undertaking any research. For the tick-box multi- 
choice answers the analysis is by a spreadsheet and the data plotted on graphs, pie 
charts or tables. For free-format random answers coming from people with a huge 
divergence of expertise, the only method to analyse the results is using the human 
brain. The brain is very good at organising data into patterns. To date no computer 
can successfully deal with such a range of answers. Research companies currently 
complete a selection of questionnaires and categorise the answers into several like 
answers. The problem with this is the ones not categorised may be the answers the 
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researcher requires to stimulate lateral thinking and develop new products. 
To conclude the strategy, it is important to compare the traditional Delphi method 
with this research. This research branches as widely as possible to gain increased 
amounts of knowledge. In contrast the traditional Delphi has several predetermined 
results it wishes to obtain by means of questionnaire, ending in a consensus opinion. 
With this project the researcher has limited knowledge of the subject and by using 
questionnaires the generating of a diverse number of ideas occurs. 
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7.0.0 SELECTION OF THE PANEL 
The previous chapter explained the strategy for generating new product ideas. The 
following three chapters explain the methodology used in the DCE experiment. 
Before getting anyone to take part in this research there was a requirement for 
direction. The project would be too difficult to manage with too many diverse ideas. 
The subject could not be too restrictive as there was a need for creativity to generate 
new product ideas. 
So far the research has concentrated on the area of dust control equipment that are 
machines to eliminate dust from the working environment. At the time of this 
research the EEC had many new directives coming into force to ensure the 
elimination of industrial waste. Also the socio-economic trends of the late 1980's 
showed an emergence of the "green" environmental movement. Clearly in the 1990's 
a need for consideration of the environment would arise. The industrial world had 
paid little attention to the environment for nearly two centuries but would soon be 
forced to. The consequences of ignoring it would be higher levels of pollution 
leading to poorer human, animal and plant life. There was also a realisation that the 
natural resources plundered for centuries would eventually run out. 
These changes meant that new ways of living and therefore new technologies and 
products would have to evolve. For ýhese reasons and that DCE was already 
manufacturing environmental products the' environment was thought a reasonable topic 
for this research. As no one person has enough knowledge to come up with enough 
ideas, many people have to be contacted. With limited time and budget the traditional 
Delphi Method using postal questionnaires emerged as the route to take. Again the 
Delphi Method also solved the problem of targeting response areas to enable 
conclusions and possible products to emerge by the "Questionnaire Round" system. 
By December 1991 there was an objective to use techniques from the Delphi Method 
to produce areas of interest regarding'' environmental technology. Also if possible 
product ideas would emerge for DCE Group Ltd to develop. 
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7.1.0 Selection of the Panel 
To find names of possible panel names and to develop a broad understanding of 
environmental subjects, there was a completion of desk research. This amounted to 
the reading of relevant magazines such as, The Health & Safety Practitioner and 
Environment Business Briefing, and reviewing environmental legislation. At this 
stage interviews with "experts" from Loughborough University, industry, Government 
departments and the financial service sector occurred. This provided contact names 
for the panel and more knowledge of the expert view and general view from outside 
the environmental field. 
Other sources of relevant names were conference delegate lists and the cooperation 
of Government Departments such as the Department of Trade and Industry and the 
Department of the Environment. Two hundred and ninety-two initial contact names 
were found, they were all sent a letter, shown in Appendix 3. This explained the 
reasons for the project and invited them to complete an initial questionnaire. This 
would ask for their reasons for joining the research group more details of this follow 
later. The main benefit of participating in a Delphi study is at each stage the answers 
from the previous questionnaire go to the panel. The participants therefore gain as 
much knowledge as the researcher. 
To ensure that the results were as unbiased as possible it was essential that there was 
a selection of panellists with different knowledge. The initial panel of 292 was split 
into three groups: Group I were experts in very specific fields, e. g. lecturer in 
Chemical Engineering; Group 2 had a broader level of expertise, e. g. manager of a 
waste disposal company and Group 3 have a general knowledge, e. g. politicians. 
Figures 50 to 52 show these graphically. The original panel were evenly split into 
the three groups, 34% in Group I and 2 and 32% in Group 3. 
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Figure 51 
126 
riguliz J4 
The original 292 panellists came from the following industrial sectors, shown in Table 
53. It also gives the breakdown into the three types. Most of the panel (50%) came 
from industry; the next largest group were Government Departments. The only major 
sector not included was the general public. To obtain an adequate statistical response 
rate many thousands would have to be contacted, and again without the resource this 
was not feasible. To compensate for this the panellists are also members of the 
general public as well as being from a particular working sector. 
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F Sector Total in Sector Total in each Group 
9% -26 Group I 
Industry 50% -146 20% -58 Group 2 
21% -62 Group 3 
15% -44 Group I 
Govemment Department 17% -50 1% -3 Group 2 
1% -3 Group 3 
5% - 15 Group 1 
7%-20 2%-5 Group 3 
Media 6% -16 6% -16 Group 27 
1% -3 Group I 
Enviroranental Organisations 4%-12 3% -9 Group 2] 
Water Authorities 4% - 12' 
7 - 
4%-12 
1% -3 Group 2 
4%-12 3% -9 Group 3 
Health& Safety 2%-6 2%-6 
Eý; ýil 
0.5% -2 Group 2 
Local Authorities 2%-6 1.5% -4 Group 3 
0.5% -2 Group 2 
2% -6 1.5%-4 Group 3 
Organisations 1% -3 1% -3 Group 3 
-Financial 
Sector 1% 
T-1 
1% -3 
Eý; ýil 
Table 53 
Regarding the way in which each sector fell into each of the three groups, there were 
no real surprises. Industry had a few specific experts and more with a knowledge of 
environmental issues and general knowledge. The Government Departments had the 
most specific experts and fewer with broader knowledge. 
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The selected panel were from the UK, obtaining an international panel was 
considered, particularly as previous research undertaken in this project had been 
completed from different countries. However due to the limited resource to analyse 
and construct each questionnaire an international survey was impossible. The panel 
was difficult to find in the UK and would be even more trying in countries where the 
researcher was not fluent in the language. 
7.2.0 Size of the Panel 
As discussed in the previous chapter the size of the panel depends on the budget and 
time that the researcher has to analyse and design each questionnaire. From the 
previous questionnaires undertaken during the customer survey, the UK response rate 
was 30%. A maximum of 100 questionnaires was the capacity. There was the need 
for an initial panel of around 300. The number finally contacted including those 
recommended by others in the initial survey was 292. At the outset of the research 
the decision was that 100 questionnaires were the maximum number for analysing. 
The complexity of the objectives meant the questionnaire design would have to reflect 
this by being multifarious. 
7.3.0 Conclusions 
Having discussed the strategy of the research in the previous chapter, the methodology 
needs detailing. First the main reasons why this research concentrated on the 
environment were: 
1. DCE was already part of this industry and the research so far undertaken had 
evolved from DCE. 
2. Socio-economic trends in the late 1980's were dominated by the environmental 
movement. 
3. European environmental legislation was being developed at the time of the 
research. 
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4. As natural resources were running out, the amount and types of waste were 
increasing and pollution was growing. Therefore, the environmental area seemed to 
hold opportunities to find new technologies and products. 
By December 1991 the objective of the research was to produce particular areas of 
interest regarding environmental technology and if possible manifest products that 
DCE Group Ltd could develop. 
Due to restricted resources of money and time, postal questionnaires were the best 
method of gaining information in the chosen subject area. The Delphi Method 
provides the structure to do this, but this was as far as the traditional Delphi Method 
went. This research needed to obtain information rather than determine when 
particular events would occur. Desk research helped to gain a broad understanding 
of environmental subjects. Also, at this stage there were interviews with contacts 
from. different backgrounds with environmental connections. These tasks provided 
names for the panel of experts and a base knowledge of the subject area. 
Approximately three hundred people received the introduction letter explaining the 
reasons for the project and the main benefit to them - which was the receipt of the 
results. To ensure that the results were as unbiased as possible it was essential that 
the panel was a diverse group. The panel was split into three groups of equal 
numbers: group I were experts in very specific environmentally related fields; group 
2 had broader expertise and group 3 had no specific knowledge of environmental 
issues. As well as having different levels of knowledge, the panellists were from a 
wide range of jobs. All the panel were from the UK, an international panel was 
considered impossible due to lack of monetary resource and time. 
The restriction on the size of the panel was the resource available to analyse the 
questionnaires. Following experience gained from conducting the questionnaires 
discussed in earlier chapters, 100 was the maximum to analyse. With an estimated 
response rate of 30% (similar to previous results undertaken earlier in the project) 300 
was considered the ideal number to contact. 
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8.0.0 QUESTIONNAIRE DESIGN 
When a Delphi study is initiated, it is not possible to predict how many rounds of 
questionnaires there are going to be. There are usually not more than three. To plan 
the research, it was essential to have a time frame. This is particularly important with 
a Delphi as the results go back to the panel as soon as possible so that the momentum 
of the research is not lost. Table 54 shows the timing plan. 
Thne Dates Action _7 
5.5 weeks 14/2/91 - 25/3/91 Initial face-to-face interviews and 
construction of panel database 
3 weeks 28/3/91 - 18/4/91 Initial letter and survey posted to 292 
panellists, by 18/4/91 received 90% of 
responses back. 
6 weeks 3/4/91 - 16/5/91 lst questionnaire constructed and posted 
4.5 weeks 17/5/91 - 19/6/91 Sent out follow-up letter to encourage 
further response 
1 week 19/6/91 - 24/6/91 Input results and generated report 
6 weeks 25/6/91 - 7/8/91 Constructed 2nd questionnaire and posted 
5 weeks 8/8/91 - 11/9/91 Sent out follow-up letter to encourage 
response - had received 89% by then 
I week 1279/91 - 20/9/91 Input results and generated report 
4.5 weeks 21/9/91 - 22/10/91 Constructed 3rd questionnaire and posted 
5 weeks 23/10/91 - 25/11/91 Input results, by 3rd week had received all 
responses 
2 weeks 26/11/91 - 12/12/91 Generated and posted final report 
43 weeks 14/2/91 - 12/12/91 To complete Delphi Survey 
Table 54 
The table shows that the Delphi Study took ten months to complete. The panel were 
only actively involved for seven months, the other three were for the construction of 
the initial database and survey and writing the final report. The initial database and 
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research took five and half weeks to complete. The first questionnaire took a further 
six weeks to design. The panel received a reminder letter four and half weeks after 
the posting of the questionnaire. Again it took six weeks to construct the second 
questionnaire using the results of the first one. Again a follow-up letter went out after 
five weeks. The third and final questionnaire was easier to construct and took four 
and half weeks. The final report was completed in seven weeks, which on reflectiýn 
was a little too long. 1, 
8.1.0 Construction of the Initial Survey 
There were three main reasons for constructing the initial survey questionnaire (this 
went out with the letter inviting people to take part in the research). The first reason 
was that there was little knowledge of these people as others had recommended them 
or they were from delegate lists, Associations, Government Departments, etc. When 
undertaking any research, it is essential to profile the respondents. As a Delphi is 
anonymous, to give the research credibility it was vital to profile the panel. 
At this stage it was essential that no one was contacted again if they had no interest 
in the project, to do this each questionnaire had a number. The number was from one 
of the three groups discussed in the previous chapter. Although a Delphi is 
anonymous, people needed to come off the mailing list if requested and there was a 
requirement to track the response from each group. There was a numbering system, 
e. g. 38/3 meant that this was the 38th person in Group 3. By giving the panellists 
numbers they were still relatively unknown as the number would have to be looked-up 
to find out the panellist's name. 
The second reason for the initial survey was to find out the level of expertise in 
various areas of interest and if possible gain some new topics. The third reason was 
to get names of possible new respondents to take part. At this stage the research had 
to be very open. It could be restricted later in the process if necessary but it would 
be difficult to go in a completely new direction later in the Delphi process. 
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Appendix 3 shows the letter sent with the initial survey. The letter had to: outline the 
complete project, introduce DCE Ltd, summarise the objectives of the Delphi, explain 
the Delphi - including the benefit to them of completing the research, i. e. they obtain 
the same results as the researcher and say how long it will take to complete. 
Unfortunately the initial timing prediction was a little optimistic. If the contact did 
not want to participate, the letter suggested passing the whole survey to a colleaguý. 
A direct telephone number was in the letter so that contact was possible with the 
researcher. 
Appendix 4 shows the Initial Survey. The first five questions were for straight 
forward profiling, asking: which sector of industry they worked, their current job 
title, the annual sales figure of their company if relevant, whether the organisation 
undertakes business abroad and if so where and finally from which sectors the 
organisation obtains most of their work, if relevant. Question six was a little more 
complex as it aimed to identify hobbies and interests outside the working environment. 
These may be conducive to the research or may trigger ideas to include in the first 
questionnaire. Question seven gave the opportunity for the panellist to add any areas 
they wanted included in the research. Question eight asked for any further contact 
names the panellist believed would be interested in participating in the research. 
Finally question nine gave the opportunity for the panellist to amend any of their 
personal details that were incorrect. As with all the questionnaires the panellists 
received postage paid return envelopes to send back their completed questionnaires. 
8.2.0 Construction of the First Questionnaire 
The first questionnaire took six weeks to construct. Interviewing of the steering 
committee and initial desk research occurred during this time. Appendix 5 shows the 
letter thanking the panellists for joining the research and explains the format of the 
questionnaire. There was a reminder to the panellists twice more about the return of 
the first questionnaire. Appendix 6 shows the letter that went with the Initial Survey 
results. A second reminder letter went to those that had not returned their 
questionnaire; Appendix 7 shows this. 
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The first questionnaire was fifteen pages long and split into six subjects as follows: 
- Recycling of Materials and Products 
- Recycling/Recovery Processes & New Materials 
- Domestic Environmental Issues 
- Pollution Control 
- Waste Disposal 
- General Environmental Issues 
The main problem facing the design of the first questionnaire was the level to pitch 
the questions. Too easy and the experts from that area would believe the whole 
project to be too general. Too difficult questions would deter those panellists with 
general knowledge of environmental issues and particularly those with no related 
knowledge. Also, the researcher had not the breadth of knowledge to construct too 
complicated questions. The whole point of this Delphi was to get more information. 
The method used to overcome this, was to obtain as much information on each of the 
six subject areas. Then a short summary relating to the subjects was placed before 
the questions. This would suggest to the experts that the researcher had some 
knowledge of the area and hopefully stimulate them to answer the questions. The 
other panellists with general knowledge would benefit, as they had some current 
issues within the subject area. This would enable them to answer the questions with' 
their own ideas and opinions. 
The ideas and topic areas were developed using the process shown in Figures 55 to 
61. Figure 55 shows the initial areas of interest and Figure 56 details these ideas 
more specifically towards environmental issues. Figure 57 to 61 shows these areas 
in more detail. These diagrams help to raise the questions required both to help with 
the summary of each of the six topics and to set the initial questions. 
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Appendix 8 provides the first questionnaire. The discussion of the first topic follows. 
The first topic was the recycling of materials and products, the introduction section 
to stimulate response was as follows: 
"During 1988/1989 industries in England and Wales generated 4.5 million tonne's of 
"hazardous" waste. Within this period there was only the reuse of 7% of this waste, 
83% went to landfill sites, 8% into the sea and the incineration of 2%. As thek 
other methods decline recycling will increase, Germany, Japan and the USA have 
predicted recycling market volumes of E4,762 billion by the year 2005. The 
following examples are of industries that already recycle materials. The British paper 
industry consumed 2,847,000 tonne of recycled paper in 1990, this was 53 % of the 
total raw materials used. During 1990 there was the recycling of 367,000 tonne of 
polypropylene, this was 10% of Western Europe's total output of polypropylene. 
There is an estimate that the recycling of 70% of the Western Europe 9,917,000 tonne 
polypropylene market by the year 2005. " 
The first question was relatively simple to ease the panellists into the topic. 
1) Does your place of work or does your research involve recycling of waste 
materials or products? 
Yes 
No 
11 
If no, please go to Q3. 
If yes, please define what materials are recycled? 
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Question 2 then asked for more information about what recycling produces. 
2) Please define what is produced by recycling the materials given in question 1, 
please answer next to the relevant description. 
By-products 
Raw materials 
The same end-products 
Question 3 was more difficult as it asked for the panellists to put forward what they 
thought could be recycled, even if they were not currently doing so. 
3) What materials, products or by-products do you consider could be successfully 
recycled, please answer even if current resources are not available for the project? 
Could you please indicate whether your answer is derived from your experience as 
a company employee, a research or a personal capacity? 
Materials/Products/By-products Company/Research/Personal Comments 
Examples: 
Plastic carrier bags Personal 
PTFE filter elements Company 
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Question 4 goes onto to ask what the advantages of recycling are to the panellists as 
individuals or employees and whether these have a high or low priority. 
4) What do you or your organisation consider the main advantages to be gained from 
recycling? Please indicate whether these have a high or low priority, stating whether 
this is based from experience as a company employee(C), researcher(R) or personal 
capacity(P). 
Product/Material Advantages High Priority(l) - Low 
Priority(4) 
(1) 1 (2) 1 (3) 1 (4) 
Example: Reduced quantity of raw material ýj 
now needed to be purchased. 
PTFE 11 Economic effects 
Environmental effects 
Question 5 then asked for reasons why the panellists believed recycling of the 
products named in the previous questions would be in the future and to rank these in 
importance. At this stage the questions had become quite complicated and required 
some thought to why certain events would occur. 
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5) For what reasons would your organisation or area of research start recycling the 
materials, products or by-products stated in Q4. Please rank in order until answers 
are irrelevant, one being the most important reason. 
Example 
PTFE 
Legislation of quantity disposed. 
Cost of disposal too high. 
Cost of raw materials too high. 
Process techniques available at the right 
price. 
Reduced availability of raw materials 
Please name others: 
All the sections finally ended with a general question asking for any further comments 
on the subject area. To help stimulate ideas and responses headings would help 
trigger the panellists' thoughts. 
6) Please comment on any aspect of recycling of materials and products. Headings 
have been given as initiations. 
Strategic/Corporate Issues 
Personal 
145 
Economic 
Environmental 
Global 
Moral/Ethical 
Research 
Others 
The first questionnaire was complicated but to get enough valuable information it was 
essential. It is difficult to open out the Delphi at a later stage as the whole point is 
to obtain a consensus opinion by condensing the information. 
8.3.0 Construction of the Second Questionnaire 
The analysis of the results from the first questionnaire is in the next chapter. A 
report went to the panellists, which is in a later chapter. The design of the second 
questionnaire again took six weeks to develop. 
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At this stage the method of questioning was much more typical of the traditional 
Delphi Method, by asking by which particular date certain events would occur. The 
questionnaire was eight pages long, with 22 questions. This questionnaire was split 
into two distinct areas: domestic and industrial issues. Each of these areas also had 
topics as follows: 
Domestic Issues - Recycling 
Air Pollution 
General 
Industrial Issues - Recycling 
Waste Disposal 
Incineration 
Air Pollution 
Closed-process 
Research & Technology 
Appendix 9 shows the second questionnaire; examples of the questions follow. 
Question 10 asks the panellists to tick the relevant boxes and to add any other 
products they can. 
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10) Please state if the following products are currently being recycled? If the 
technology is not presently available, please indicate by which year you believe it will 
be. The percentages represent the percentage of the total product that you believe is 
being or will be recycled. Please suggest other products that might apply and 
complete the details in the boxes provided. 
M Yes No By By By 2005+ Never 
i 
No : 
1995 2000 2005 comment 
Computers <50% 
50% - 
75% 
76% - 
100% 
Print 50% 
cartridge 50% - 
75% 
76% - 
100% 
<50% 
50% - 
75% 
<50% 
50% - 
75% 
76% - 
100% 
Question II was the follow-up to a question from the first questionnaire. It asked by 
which date the panellists predicted the recycling of certain products. 
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11) The First Questionnaire concluded that the five statements listed in the table are 
the main reasons for recycling. For each product/material given, could you please 
indicate the year that recycling will be widespread with regard to each statement. 
By By By 2005+ Never 
1995 2000 2005 co 
Paper 
Legislation of quantity disposed 
from a business 
Cost of disposal becomes too high 
Cost of raw materials become too 
high 
Reduced availability of raw 
materials 
The process techniques for internal 
recycling become available at the 
right price 
Rubber 
Legislation of quantity disposed 
from a business 
Cost of disposal becomes too high 
Cost of raw materials become too 
high 
Reduced availability of raw 
materials 
The process techniques for internal 
recycling become available at the 
right price 
8.4.0 Construction of the Final Questionnaire 
The construction of the final questionnaire took four and half weeks and was six pages 
long with thirty questions. This questionnaire was the easiest of all the questionnaires 
as its purpose was simply to clarify some answers that had emerged from the previous 
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round. The first eight questions were clarifying questions, again under the headings 
of Domestic and Industrial Issues. The second section asked the panellists to refer 
to the second questionnaire and the results. They had to comment whether they 
agreed with all the results and provide any comments they wished. There was a final 
question asking the panellist to comment on how useful they had found the research 
project and room for any final comments. Appendix 10 shows the final questionnaire. 
8.5.0. Conclusions 
It is essential with any research to complete a time plan before starting the project. 
With a Delphi this enables the research er to keep to the allotted time. It also ensures 
that the panel do not loose interest in the project due to the time lags between each 
round being too long. The Delphi took ten months to complete. The panel were only 
actively involved for seven of those months. The other three was due to the 
construction of the initial database and writing the final report. The first two 
questionnaires took six weeks to construct. The final questionnaire being easier to 
construct as the reaching of a consensus was happening only took four and half 
weeks. 
The initial survey was very open as it is difficult to change direction at a later stage. 
The first half of the first survey was for profiling the panellists, the second half was 
a little more complex. One question asked the panellists to identify hobbies or 
interests outside work. The aim was to trigger ideas for inclusion in the research. 
The panellists added any areas they wanted. 
The three main reasons of developing an initial survey questionnaire were: - 
1) There was very little knowledge of the panel members and to ensure the research 
was credible it was important to profile the respondents. 
2) It was important to understand the level of expertise of the panel and any topics 
they were interested in or had knowledge of. 
3) The final reason was to get more names of possible respondents. 
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The letter that accompanied the survey included the following: outlined tile project, 
introduced DCE Ltd, summarised the objectives and explained the benefit to tile 
respondents of receiving the results of each questionnaire. If the contact did not wish 
to participate, the questionnaire and letter could be forwarded to someone else who 
may want to take part. 
The first questionnaire was fifteen pages long and was split into the six topics. 
The main problem with the design of the questionnaire was the academic pitch of the 
questions. They could not be so easy that the experts would consider the research 
irrelevant and not too difficult to alienate the panellists with broader knowledge. To 
try to overcome this there was a summary of the current issues before the questions. 
The development of the questions was by constructing flow-diagrams of each topic, 
these tried to include thoughts of everything that affected the subject area. 
The questions in the first questionnaire started with relatively simple ones at the 
beginning of each topic to ease the panellists into the subject. They moved on to 
more complicated questions asking for the panellists own thoughts. All the topics 
ended with a general question asking for any further comments. Rather than leaving 
a blank sheet of paper, there were headings to stimulate thoughts. The first 
questionnaire was complicated and difficult to complete. This was necessary to gain 
a lot of information and to be as open as possible at this stage. 
The second questionnaire used the method of questioning much more typical of the 
classic Delphi Method. It asked by which particular time certain events would occur. 
The questionnaire was split in to two distinct areas - Domestic and Industrial Issues. 
The final questionnaire was the shortest of the three and the simplest to complete. 
The purpose was to clarify some answers that emerged from the second questionnaire. 
The panellists had to refer to the second questionnaire results and state whether they 
agreed with them and for any final comments they wished to make. At this stage the 
panellists said how useful they had found the research as they had received all the 
results. 
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9.0.0 ANALYSIS OF THE QUESTIONS 
The analysis of the questions is difficult to report and has consequently never been in 
any of the previous Delphi research. As the objective of this research was to gain 
more information it was not possible to analyse the answers in percentile terms. 
Qualitative data requires a different approach and although there are computer 
packages that analyse such data they look for common themes by identifying certain 
key words. If a response does not fall into the correct category it is placed into a 
general one. In most research this is not a problem. Information placed in this all 
encompassing category may be the vital lead to an area that requires further 
questioning. 
9.1.0 Response from the Initial Survey 
'Me initial survey went to two hundred and ninety-two panellists. There were 
sixty-four surveys returned providing a 22% response rate. As to which group of 
panellists they were from, 25 % of them were from Group 1,22 % from Group 2 and 
53% from Group 3. This result reflects the general nature of the questionnaire: the 
experts from Group I and 2 may have thought the questions too broad to have been 
of interest. The respondents suggested twenty-three further names who might be 
interested in taking part in the research. 
The first five questions were relatively simple to analyse as they required "tick-box" 
answers. Completion of the analysis was on a spreadsheet then interpreted graphically 
by bar and pie charts. As well as producing ideas for the first questionnaire, question 
6 enabled any repositioning of the experts into the three groups. For example if the 
respondent was initially in Group 3, but the returned questionnaire suggested another 
area of expertise such as waste water, Group 2 is more applicable. Question 6 and 
7 gave additional areas of interest from the panellists. Key subject areas were 
selected for inclusion in the first questionnaire and plotted on the diagrams shown ill 
the previous chapter. 
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9.2.0 Response from the First Questionnaire 
The report from the initial survey went to all of the 292 panellists, except those that 
had totally declined to participate. When they realised the type of expert joining the 
project hopefully more would complete the next questionnaire. The first questionnaire 
also went to everyone. Ten percent responded to the first questionnaire of these: 66 % 
were from Group 3- the generalists, 14% from Group 2 those with a broad 
knowledge of environmental issues and 20% from Group 1 the specialists that were 
in the same proportion as the Initial Survey results. 
There were two methods of analysis used, for tick-box multiple-choice type questions 
the results were analysed using a computer spreadsheet and graphs to show the 
pattern. The design of many questions was for any answer the panellist chose. The 
analysis of such random answers cannot be thoroughly examined using a two 
dimensional computer package. Spreadsheets are fine for some analysis but most of 
the questions in this Delphi triggered random answers from the different experts. 
Answers ranged from a general overview after seeing the issue in a newspaper to an 
expert opinion from someone working in that area. The available method to analyse 
the answers in a short time while ensuring the collection of as much information as 
possible is the human brain. The brain is very good at organising data into patterns, 
that to date. no computer can match. 
The method used to analyse questions such as question 4 in the first questionnaire 
follows. The products or materials possible to recycle were input into a spreadsheet 
from the questionnaires. They were placed in columns each with the one to four 
priority beneath them as subheadings. The advantages gained from recycling were 
placed in the rows. A section of the spreadsheet follows as an example. 
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Advantages 
from recycling 
Aluminium. cans 
12314 
Plastics 
12 
FTF4 
Cost effects IP 
Environmental 2P IC 
Reduced waste volume IP IP 
Save petrochems IP 
Reduced oil cons. IP 
Reduced incineration IP 
Company publicity IR IC 
Reduce use raw Material- IP 
The figures represent the number of panellists who wrote the same answer. The 
letters are whether that panellist gave the answer from the view of a company 
employee (C), a researcher (R) or a personal response (P). The only method to then 
analyse these results was to actually look for any patterns and links that would trigger 
further questioning. 
Another way to analyse the results from question 4 was to look at the differences in 
the reasons for recycling from the company employee, researcher and personal point 
of view. Also there could be a prioritisation of the different reasons for recycling. 
The results follow. As an example of the analysis the table shows that thirteen 
panellists Wieve the main advantage of recycling is environmental: eight of these 
were showing their personal views and four a company view. 
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Advantages of 
recycling 
Priority 
123 
Personal view 
1213 
Company view 
1 
F2T3 
4 
Research view 
1234 
Cost effects 4 7 11 2 2 2 6 2 3 5 2 
Environmental 13 9 2 2 8 2 1 4 5 1 2 
Reduced waste 6 3 2 
Reduced landfill 2 1 1 1 
Energy source 2 1 
Alternative compost I 
Reduced incineration 1 
Reduced oil 
consumption 
2 
Valuable resource 2 1 
Company publicity 3 5 3 5 5 
Save petrochemicals I 
Reduce use of raw 
material 
12 2 1 3 2 1 5 5 
Reduce toxic waste I 
Reduce water 
pollution 
I 
Lower use of 
resources 
6 6 
Lower dumping waste 1 6 1 6 
Reduce pollution 1 5 5 5 
Return materials to 
ýproduct 
cycle 
5 5 5 
The other main method of analysis was to group similar words/statements together to 
try to find links and possible future spinoff questions. For example within the 
original subject areas in the first questionnaire the words recycling 2 and economics 
I often occurred. A piece of paper with "recycling" and another with "economics" 
written on it went on the table. Many other words from the questionnaires such as 
disposal of waste I and legislation ' were also there. This process was completed for 
each question, that results in many headings and piles of paper. Several copies of 
each returned questionnaire enabled the cutting out of the statements containing the 
heading. There are then placed under that heading. An example of this follows: 
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A. "Cost ' only enters the recycling ' equation when it is no longer possible to 
develop waste material. Dumping I is always cheaper ' than the treatment of waste. 
Legislation I is the only answer. " 
B. "Money' is the key to any of this, make it worthwhile to recycle' and people will 
do it. Worthwhile can mean fining 4 them if they don't do it. " 
C. "Recycling ' will occur when the increased cost' of storage, handling and disposal 
of waste 
3 occurs. " 
The above examples that are a simplified set of results would give the following 
structure. 
cost I Recycling 
ABC ABC 
Waste Disposal Legislation 
AC AB 
This method not only identifies common subject areas but also does not miss any 
individual answers that may be as important as a group consensus. Current computer 
analysis used for research would miss these individual responses by putting them 
under a heading of other. They are not able to link many different areas together as 
computers do not currently have the capacity to decide whether a subject area is 
relevant or not. 
The disadvantage of using this method is that the researcher constructing the questions 
is still able to put their own bias into the results. This is unlikely at this stage of the 
research as the aim is to obtain as many subject areas as possible to put forward into 
the next round. 
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9.3.0 Response from the Second Questionnaire 
The second questionnaire went to the respondents to the initial survey and the first 
questionnaire. It was felt at this stage the remaining panellists were obviously not 
interested. It was therefore not correct to send them results of each round if they had 
not participated. The response from the Second Questionnaire was 59% equating to 
thirty-eight returns. Compared to the first questionnaire more panellists responded 
to the second, there was also a slight increase in responses from the experts in Group 
1. This may have been because they became more interested in the survey as the 
questions were more detailed and not so generalised. There were now 21 % from 
Group 1,14 % from Group 2 and 65 % from Group 3. As the questions all required 
straight forward tick-box answers, the responses were analysed using a spreadsheet 
and graphics to show the results. 
9.4.0 Response from the Final Questionnaire 
The final questionnaire went to the respondents from the second questionnaire. It 
generated a 71 % response rate equating to twenty-six questionnaires. The breakdown 
among the three groups followed the same pattern as the responses from the second 
questionnaire. The analysis of the final questionnaire was again straight forward as 
the answers were tick-box. The analysis of the final comments grouped together 
similar comments. 
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9.5.0 Conclusions 
The response rates from all the questionnaires follow: - 
Initial Survey 22% -64/292 
Group Response Rate Number Responded 
Group 1 25% 16 
Group 2 22% 14 
Group 3 53% 34 
Total 100% 64 
First Questionnaire 10% -29/292 
Group Response Rate Number Responded 
Group 1 14% 4 
Group 2 20% 6 
Group 3 66% 19 
Total 100% 29 
Second Questionnaire 59% -38/64 
Group Response Rate Number Responded 
Group 1 21% 8 
Group 2 14% 5 
Group 3 65% 25 
Total 100% 38 
Final Questionnaire 71% - 26/38 
Group Response Rate Number Responded 
Group 1 21% 5 
Group 2 14% 4 
Group 3 !: " 
65% 17 
Total 100% 26 
The second questionnaire resulted in an increase in response rate for Group I the 
experts. This was probably because at this stage the questions were more focused on 
particular topics. The numbers responding to the final questionnaire fell, this was 
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probably because there was no more information just the clarification of answers 
already given. 
The first five questions in the initial survey were simple to analyse as they were "tick- 
box" answers. The two questions regarding the panellists interests produced key 
subject areas to include in the first questionnaire. 
There were two analysis methods used for the first questionnaire. For "tick-box", 
multiple-choice type questions the results were analysed using a spreadsheet and 
reported using graphics to depict the results visually. The second method had to 
analyse free format answers from many different experts. Spreadsheets can analyse 
two dimensional data but still do not have the capacity to organise data as 
meticulously as the human brain. Many research computer packages analyse free 
format answers. They identify key words and extract answers that contain those 
words and group them together. Any remaining answers are placed into a general 
"other" category. The problem with this method is that the possible answer that 
might trigger ideas could be in the "other" category. Therefore it seems that the only 
current method to analyse such data is the human brain. 
The main method was to select key words or subheadings and physically place the 
answers provided in piles under these headings. The reading of each pile established 
any ideas or themes. The regrouping of the piles into different topics often occurred. 
This method of analysis is difficult to describe, but it is effective and helps to 
stimulate many ideas from very little data. The disadvantage of the method is that the 
researchers bias can be in the results. It is their logic or thought pattern that places 
the answers in to the chosen compartments. 
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10.0.0 THE RESULTS AND ANALYSIS 
Having reviewed the strategy and method used, this chapter examines the actual 
results and shows how the process evolves to conclude with a number of ideas for 
possible product development. 
10.1.0 Selection Survey Results 
From the initial list of panellists there were only six official post office "gone away" 
returns. When compared to a direct mail campaign these are an acceptable number 
of returns. There were thirty letters from the original proposed panellists explaining 
the reasons why they did not wish to take part in the Delphi Survey. Six of these 
were from companies that had nothing directly to do with the environment. Even so 
it was disappointing that some responses stated they did not need dust control and 
therefore could not see the point in answering the questions. Clearly not all the 
panellists read the covering letter very carefully, if at all. 
Seven of the responses were from Members of Parliament, including one from the 
Prime Minister and one from the leader of the opposition. Both said they were too 
busy to take part in the research. The Rt Hon Paddy Ashdown wrote personally, 
apologising that the research looked very interesting but it is his policy not to answer 
any questionnaires. Similar personal responses from M. P. 's from the opposite sides 
of the House: Greville Janner, Q. C., M. P. and Robin Squire, M. P. explaining that 
they did not believe it an appropriate questionnaire for an M. P.. More interestingly 
was the response from Sir Hugh Rossi, M. P. that stated "... I do not know who gave 
you my name as an expert on dust control... ", again obviously the letter was not read. 
Finally, as a fitting summary of the views of some of the country's leaders, the 
response from Ken Collins MEP, who was President of the European Parliamentary 
Committee on the Environment, Public Health and Consumer Protection: 
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"I am not sure where your information comes from, but I most certainly could not be 
described as an expert in this field at all. I am Chairman of the Environment 
Committee of the European Parliament, but I am afraid that does not make me the 
kind of technical expert that I think you really need to talk to. I hope you will 
forgive me, therefore, if I do not answer your questionnaire. By the very nature of 
their work, politicians very rarely have the kind of expertise that I think you real 
i ly 
need.... 
Four letters came from the Department of the Environment. One of these from the 
Water Environment section saying, they had no link to dust control and certainly not 
the marketing of dust control equipment? Surprisingly both Friends of the Earth and 
Greenpeace declined to take part in the research. Unfortunately Sir John Harvey- 
Jones wrote saying that as he had retired many years ago he did not think he could 
add anything to the research. Another surprising response from the HM Principal 
Inspector of Factories said that he was not an expert in this field. Finally the 
response from SERC (Science and Engineering Research Council) who fund this 
research, said that this was not in their field and therefore they could not help. 
However, 64 panellists did respond, the profile of these follows in Figure 62 showing 
the industrial sectors from which the panellists come from. They were from a wide 
range, the largest being from education and the chemical and agro-food industries. 
Figure 63 shows the position of the panellists. The majority were Managing 
Directors, followed by Technical Managers and Lecturers. 
161 
Percentage 
v 1ý 
Position of PaneHists 
Percentage 
mure 
162 
Industrial Sectors of Panellists 
10.2.0 First Questionnaire Results 
The results from the first questionnaire were analysed and reported, the report is 
shown in Appendix 11. A summary of the findings follow, they are given under 
headings that arose from the analysis of the data collected from the questionnaires. 
10.2.1. Economic and Legislative Issues 
The general public tend to be apathetic towards recycling and reducing waste. 
Companies appear to be changing by having Environmental Policies, but many of 
these are not practically adhered to. The best solution to change attitudes is education 
but that takes time, in the short term legislation or an economic benefit is the answer. 
Not many are prepared to pay extra for environmental products and many require 
payment or tax incentives for recycling or disposing of waste safely. It was suggested 
that a deposit scheme could be introduced so that payment is made for taking waste 
products to a collection point for recycling. 
At the moment the largest spend is on pollution control due to strict legislation but as 
closed-looped processes develop and more recycling occurs, the need for end-of-line 
pollution control will decline. 
There is a need for uniformity of legislation with strict rules so that imports conform 
to the UK environmental manufacturing laws. 
10.2.2. Health Issues 
All forms of waste disposal and recycling must not jeopardise basic hygiene or lead 
to pollution. Any health and risk factors must be shown through education not 
scaremongering. Nearly all the respondents stated that the public require dust control 
when completing DlY. 
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10.2.3. Research 
The majority of the respondents believe that the government should finance research 
into environmental areas. Recycling research brings together chemistry, physics and 
engineering on a scale equivalent to the first major exploitation of chemicals and oil. 
Investment into recycling research both nationally and internationally is vital, 
especially into better techniques. More research is required into the motivatidn 
methods needed for an increase in the level of recycling. Energy from industrial units 
is often wasted, more research should be undertaken to re-use this energy. 
10.2.4 Recycling 
The majority of respondents recycle products from their place of work. It was 
thought that recycling will increase when products are designed to be easily recycled. 
Predictions were given that recycling will not increase until the availability of current 
raw materials start to decline. All products can theoretically be recycled, however 
not all products/materials are designed to be easily recycled or the resultant 
material/product cannot always be used. 
A major motivation factor for recycling is the convenience and accessibility of the 
deposit sites, both domestically and commercially. Recycling would increase if there 
were more deposit sites for more recyclable products. Another way to tackle the 
problem would be to develop a multi-compartment refuse collection bin and vehicle, 
which collects waste directly from homes and businesses. 
10.2.5 Waste Disposal 
Presently waste, if not recycled, is dumped in landfill sites and at sea or incinerated. 
Dumping at sea, especially sewage sludge must cease in the UK by 1993. 
Seventy-five percent state that landfill will never cease. Throughout Europe 
incineration is increasing as a method for reducing waste. Pollution is kept to the 
minimum with flue-gas cleaning techniques and very high temperature incinerators. 
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Electrostatic precipitators, dry and wet scrubbers are the usual form of pollution 
control, however lime injection together with high temperature fabric filters are 
becoming more frequent, especially in Germany, to reduce the dioxins released. 
Landfill is currently the cheapest method of disposal, however this will change as 
research is required into biodegradation processes and land becomes scarce. A key 
area for British research is the development of better land-use technology to stop run- 
offs from landfill sites. It is viewed that the majority of the costs for this research 
and implementation of the techniques will be passed down to the waste disposal 
companies and then to their customers. 
10.2.6 Pollution Control 
There is a requirement to develop new materials that generate less pollution. At 
present pollution control is part of the process plant, however in the future closed-loop 
optimum processes will be developed. 
10.2.7 Measurement Systems 
There appears to be a need for improvement in most monitoring systems, either 
technological improvements or cheaper and simpler systems to the ones currently 
available. 
10.2.8 Transportation 
Transportation uses limited resources and produces a lot of pollution. The greatest 
attitude change is to encourage mass transportation of people and freight. To do this 
it was suggested that the rail system be vastly improved, some mentioned the metro 
system, others stated the re-introduction of trams and more use of buses. Another 
method of promoting mass transportation is by road pricing, especially in city centres 
to keep traffic away from built-up areas. When mass transportation is not possible 
car sharing should be encouraged. The development and planning of housing nearer 
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work places where possible to reduce the need for travelling was suggested. Working 
from home is also now technically possible, but few appear to do this. More use 
should be made of Britain's waterways and for cargoes that do not need to move 
quickly, sail may come back at sea in the future. 
10.3.0 The Development of the Second Questionnaire 
The results from the First Questionnaire fell into distinct areas of interest and several 
ideas emerged that could possibly be developed further into new future products. 
These were the areas the researcher decided to find out more information about 
through the Second Questionnaire. There were many other ideas and any of them 
could have been questioned further. This is where the researcher has to decide which 
direction to take. If there was not a filtering process at this stage the information 
gained would continue to increase making the future decision of which way to go 
more difficult. It was felt that a diverse enough number of topics had been found 
from the First Questionnaire results to create a number of ideas for product 
development, these follow. 
From the economic and legislative issues the results show that the largest 
environmental spend at present is on pollution control during the process. It is 
believed tha t in the future pollution control will be eliminated as a closed-loop system 
is developed. A possible move towards this would be to develop an integral dust 
control system rather than the current end of process control. From the health issues 
nearly all the panellists thought the general public needed dust control when 
completing DIY. As an increasing amount of leisure time is taken up by DIY a 
possible development could be a domestic dust control system. From the economic 
issues it seemed that a deposit scheme for returning used products was a possible 
future development. From the recycling issues the next stage for recycling and waste 
collection was the development of a segmented bin and possibly a segmented 
collection vehicle. Another possible product development that emerged was a 
domestic machine that could crush cans. From the waste disposal issues, incineration 
was increasing as the method of waste disposal in Europe there could possibly be a 
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means to re-use the waste energy generated. There appeared to be a need for better 
monitoring systems. Another area was to try to find out by how much products 
would be recycled and by when, for example would 50% of televisions be recycled 
by 2000. The answers from these questions could have triggered the need for a new 
recycling process or new materials to construct the products. Another area of interest 
was the extent to- which companies would employ external auditors to undertake 
environmental audits, this could have been a possible service for DCE to offer. 
At this stage main areas of interest had been identified but more specific knowledge 
was needed to identify whether it was feasible to research them further. To achieve 
this the Second Questionnaire asked by when certain events would occur. This is 
technique is similar to the traditional Delphi but another dimension was added by 
asking for what reason and by how much if applicable. This substantiated the 
responses from the First Questionnaire and added a depth to the knowledge already 
gained. 
10.4.0 Second Questionnaire Results 
The Second Questionnaire results are shown in Appendix 12 a summary follows. 
10.4.1 Domestic Issues - Recycling 
Most of the respondents said there is not a product available commercially to contain 
waste in segmented compartments so that sorting prior to recycling is simplified. 
Most of them said there would be one by 2000 and that by then there would also be 
refuse lorries with segmented sections for waste. Many respondents said there are 
aluminiurn and tin can crushers already available for tile domestic market. Many 
respondents were prepared to pay extra money towards products that would be 
returned when tile used product is deposited. Most thought this scheme a good idea 
but costly to undertake and problems may arise if it was not a universal scheme. 
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10.4.2 Domestic Issues - Air Pollution 
The majority of respondents use face masks and goggles as protection against dust 
when completing DIY work, some did use dust control. 
10.4.3 General Domestic Issues 
Most of the respondents believe that companies that are not considering environmental 
issues by 2005 will not survive. 
10.4.4 Industrial Issues - Incineration 
The majority of respondents state that the number of external incinerators for 
industrial and domestic waste will increase. The majority of respondents said that 
incinerators for sewage sludge and plastics that create energy are technically possible. 
Fewer stated that incineration of rubber for an energy source can be done, but the 
majority thought it would be possible by 2000. The majority said that landfill gases 
can be used as an energy source. Although these are technically possible whether 
they are economic to do so is another matter. 
10.4.5 Industrial Issues - Air Pollution 
Forty percent said that a closed-process would occur by 2000 because of the cost of 
waste disposal becoming too high. Twenty-eight percent state that this will occur by 
2005 because of the cost of the raw materials becoming too high. Thirty-four percent 
said that by 1995 the quantity of waste will need to be reduced which will lead to 
process optimisation. 
10.4.6 Industrial Issues - Environmental Engineering 
Forty-three percent said that products being designed to be recycled will be 
widespread by 2000. Eighty-two percent of the respondents believe that tax incentives 
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and preferential interest rates are likely to occur to encourage capital spending on 
environmental research, products, production processes and materials. 
10.5.0 The Development of the Final Questionnaire 
The Second Questionnaire results enabled the identification of the areas found initial'iy 
that had potential to be developed further. The ideas that had reduced interest wel 
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the can crusher as there were products already on the market. No potential product 
development appeared to develop from how far products could be recycled. 
Environmental auditors were another area that was not developed as many industries 
appeared to be developing their own auditing policies. The other areas still showed 
potential for further research and possible product ideas. The Final Results are shown 
in Appendix 13, they gave some specific company names that had developed products 
that were of interest. It also provided the number of incinerators converting waste to 
energy and disposing of certain wastes actually known. 
The Final Questionnaire asked specific questions to clarify any areas that needed it 
and consequently there were only eight questions. Although more information was 
needed about the areas of interest it was felt at this stage that not all the panellists 
would have the knowledge or inclination to answer many specific questions on each 
topic. The methods for developing each of the areas that resulted from the 
questionnaires are discussed in the next section. 
The Final Questionnaire also aimed to conclude the research by asking the 
respondents whether they agreed or disagreed with the findings in the Second 
Questionnaire Report. In reality this did not work as many respondents had not kept 
their Report. Also the questions referred to the questionnaire that they had all sent 
back, so only those that had copied it could answer the questions. This would have 
been a perfect completion of the Delphi so that the accuracy of the findings was 
known but to succeed needs to be planned and timed perfectly. 
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10.6.0 The Final Stage of Product Development 
The research concluded before the development of any products. Tile Delphi was not 
expected to produce actual products it was a technique for creating ideas. Tile 
background research came up with skeletal ideas and the questioning of many 
different people allowed these to be expanded. After the initial widening of the 
subject areas, the questions provided more specific information. The next stage of 
the process is shown in Figure 64, the results from the Delphi concluded with several 
areas of possible interest for DCE that are called topics. The topics had either a 
company development focus by being an extension to the present activity of DCE Ltd, 
i. e. they had a relationship with dust control. Alternatively they had a new product 
focus that meant they were totally different to the current activity of DCE Ltd. The 
topics require further investigation to establish whether there could be new products 
or business developments. 
To develop ideas for new products there is a need to use established product 
development tools, such as those discussed previously. As depicted in Figure 64 six 
topics of interest resulted from the Delphi. Those falling under the Company 
Development Focus were the integral dust control system and the domestic dust 
control system. The Integral System is an optimum processing system where the 
recycling or disposal of all waste is part of the process. A Domestic System is a 
centralised dust control system for the home; this topic is given as an example later. 
The four topics falling under the New Product Focus are, the deposit scheme that 
suggested that consumers are prepared to pay an extra refundable price for recycling. 
The segmented bin both for commercial and domestic use enabling the sorting of 
recyclable products before collection; this is investigated further later in the chapter. 
Modifying of incinerators to burn various waste to produce an energy source. Finally 
there is a need to look at monitoring systems that are cheaper and more efficient than 
the current ones available to measure emissions and odours. 
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All these ideas need further investigation before development. To complete this, there 
needs to be product development tools used on all the topics such as: depth 
interviewing, synectics, brainstorming, classic Delphi and market research. An 
activity study on the monitoring systems and segmented bins is possible. The result 
of further more traditional research would be a new product or method of improving 
recycling for the deposit scheme. Examples of the two topics, domestic dust control 
systems and segmented bins show this method. 
10.6.1 Domestic Dust Control System 
The idea of the product is to have a dust control unit located in tile garage or cellar. 
There is then a system of ducting located in tile cavity walls with connector points in 
each room of the house. Fitments attached to these points would clean the carpets, 
upholstery, curtains or provide ventilation when painting, or dust extraction when 
completing other DlY projects. 
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This is only an idea now, there needs to be further investigation into the technical 
feasibility of such a product. A sufficient market demand and the manufacture of tile 
product at the right price would also be necessary. Tile answering of these main 
questions and many others is achieved by following the traditional product 
development theories discussed previously (Ref. 18). 
To start this process there is a requirement for more market research while 
undertaking preliminary technical feasibility tests. There would be a completion of 
market research to investigate whether there was an existing market for this product, 
i. e. has development of such a product occurred before. If yes, there is a need for 
as much information as possible by desk research to find out about the company and 
the market. If the answer is no, initially the completion of a small classic Delphi 
would occur to discover whether there is a market for this product. This would be 
sent to specific groups such as: property developers, builders, planners, architects, 
surveyors, dust control manufacturers and suppliers, vacuum cleaner manufacturers 
and suppliers, consumer associations and members of the public. This would result 
in a clear answer about whether there was a future for the product. 
If the answer was still yes and the initial technical results were also positive; depth 
interviews with key groups would follow to obtain die outline product structure, 
including price tolerance. This would result in volumes required of the product, the 
acceptable price, some product specifications and the required distribution method. 
A proto-type product would then need developing, manufacturing and testing. 
10.6.2 Segmented Bins 
The idea for this product is to have domestic and commercial bills segmented for 
different types of recyclable waste. To accompany this there would also need to be 
a similarly segmented collection vehicle. Initially market research would determine 
whether there were any products such as these already available. The completion of 
this is possible by phoning all the local authorities in the UK as they would also be 
aware of such systems being available abroad. Depth interviews could gather more 
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detailed information. If there are some in existence, there could be the completion 
of activity studies to review die current use of the products and identify any possible 
improvements. 
For this product, there could be the use of test proto-types to assess whether there is 
a market for them. The distribution of these would be to key areas and the use 
monitored to identify any problems, both for the user and collector of the waste. B; y 
questioning the local authorities, by Group Discussions or questionnaires the 
determination of the size of the market, the level of pricing and distribution methods 
could occur. 
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11.0.0 VALIDATION OF THE RE, SULTS 
At this stage a validation of the results obtained from die Delphi will be completed. 
To comprehensively achieve this there would have to be another similar sized research 
project undertaken which is not feasible. By completing desk research and 
interviewing local government representatives the collation of this information shows 
the current position regarding environmental issues. The findings show that many 
predictions and areas of interest resulting from this research have come to fruition. 
The first questionnaire results expressed that many thought businesses were only 
giving environmental issues "lip-service" by having environmental strategies but not 
implementing them practically. This is still true in many organisations particularly 
the larger ones that find it difficult to set up policies practically throughout the 
structure. One company that has a very strict environmental policy is the DlY 
company B&Q. They insist that all their suppliers practise their environmental 
policies and audit each company to ensure this actually happens. 
The results from the first questionnaire signified that most of the public wanted 
environmental products but were not prepared to pay a premium for diem. Now due 
to public pressure manufacturers of a diverse range of products have increased the 
ecological content where possible. 
In 1992 there was a UN Earth Summit where for the first time 200 leaders gathered 
to plan for a sustainable world. The Summit resulted in Agenda 21, an action-plan 
for the next 20 years that the UK government is committed to it. A formulation of 
a waste hierarchy resulted, shown in Figure 65, the most desired position is: waste 
minimisation, reuse, recycling/composting, heat/energy recovery and finally landfill. 
Legislation supports most of the aims but the plan is to apply public pressure on mass 
to change individuals' habits. The remainder of the chapter sunimarises the related 
issues raised in Agenda 21 and subjects from the Delphi. 
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I Waste Hierarchy I 
Waste Minimisation 
Re-use 
Recycling/composting 
Heat/energy Recovery 
Landf ill 
Ref: Leicestershire County Council Waste Management Year Review 1996/97 
Figure 65 
11.1.0 Air Pollution 
It is the aim to reduce 1995 levels of traffic pollution to a half by 2020. Reduction 
of emissions by at least 35 % per vehicle and cutting the volume of traffic by 20 % will 
achieve this. The first questionnaire results suggested most of the following methods 
to achieve a reduction in traffic pollution. They are: to encourage walking and 
cycling; houses built near work places; promotion of the use of public transport; 
responsible car use; increased movement of freight by rail and canal and the 
improvement of the links between different transport modes for both business and 
personal use. 
In 1992 the Climate Change Convention committed the UK to reduce emissions of 
C02and other green house gases to 1990 levels by 2000. The anticipation is that this 
is achievable. The EC's aim is not to exceed the natural capacity of earth for CO, 
emissions. Currently 3% of the UK's electricity comes from renewable sources such 
as passive solar, biofuels and wind. There is a prediction of a 6% increase by 2000 
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and up to a third of the UK's energy needs in die future. Wind farms are increasing 
throughout the country that at the time of the initial research the idea was a suggestion 
but was not considered feasible. 
The UK plans to reduce sulphur emissions by 80% by 2010 from 1980 levels. There 
is a plan to reduce Volatile Organic Compounds (VOCs) by 30% by 1999 from 1988 
levels. It is the aim to have no emissions of ozone depleting substances. There is a 
plan to reduce 70% in total of emissions of dioxins, mercury, cadmium and lead to 
the North Sea. Also, the plan is to reduce nutrient chemicals by 50% in sensitive 
areas. 
11.2.0 Waste, Re-use & Recycling 
The government targets are to reduce the proportion of waste going to landfill sites 
from 70% to 60% by 2005. They plan to recover energy from 40% of municipal 
waste by 2005, there are currently nine sites in the UK generating electricity frorn 
methane gas. Leicestershire aims to recycle 25% of household waste by 2000, in 
1998 they are already achieving 10.5% that is a huge increase from 2% in 1992. 
They also aim to reuse or recycle two-thirds of the waste from businesses by 2020. 
Every year they aim to reduce the proportion of recyclable and reusable household 
waste thrown away. The waste disposed by households is increasing rapidly. There 
is a close link with the economy, with noticeable decreases during recession periods. 
There has been'a 12% increase in household waste since 1992. A few respondents 
to the first questionnaire foresaw an increase in composting techniques to reduce 
household biodegradible matter. By 2020 there is a plan to compost or anacrobically 
digest 90% of putrescible (food, green waste and paper) from houses and businesses. 
In the long term the plan is for none to go to landfill. 
The results from the first and second questionnaires stress the only short term method 
to reduce waste was to levy a tax on it or introduce a payment for recycling. In 
October 1996 a landfill tax was introduced aiming to reduce the levels of waste, 
currently local government pay this for households. The government are 
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contemplating inversely charging the public directly by compensating those that throw 
less away by a reduced Community Charge fee. This will be very difficult to police. 
There is a weighing machine available to fit refuse lorries but the problern exists 
regarding the proof that it is just the household's waste. 
In both questionnaires the respondents strongly emphasised that recycling should only 
occur if it was economic to complete and not harmful. Many assume recycling Is 
cheaper or makes a profit, in reality this is not so as the markets for the resultant 
materials are very volatile. The landfill tax has led to increased waste fly-tipping 
(dumped in hedges and lay-byes). It was also supposed to encourage more recycling 
but in reality the recycling trade lowered their payments for waste material so the 
differential was kept the same. Seventy-five percent of respondents to the first 
questionnaire said that landfill would never cease. This still is the opinion, but there 
is an agreement it will require managing much more carefully in the future. 
In Leicestershire there is a proposal for the following plans: to increase die home 
collections of recyclable waste; encourage composting by supplying bins for home 
composting and local municipal tips to have composting facilities. There are already 
waste paint collection and redistribution and furniture recycling schemes; both were 
suggestions from the first questionnaire. 
Businesses could save money by completing waste audits. The government is 
currently encouraging these by offering two-thirds of the cost. This concurs with 
57% of the respondents to the second questionnaire saying that the completion of 
environmental audits would be by 2000. By the end of 1998 there is a plan to reduce 
tile waste output from large companies by 20%. 
The first questionnaire predicted the only way to increase recycling and to reduce 
waste, was to ensure there were monetary rewards. There has been a lobby of tile 
government by local authorities to reduce tax on recycled products/materials and to 
tax more heavily finite natural resources. 
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Since this research, it is now common to recycle tin cans, textiles, plastic bottles and 
oil, however deposit sites are often sporadic throughout the country. Home 
collections are not common, Leicestershire is one of the few that offer this service and 
they only have it in certain areas. The second questionnaire resulted in many 
respondents proposing an increase in the recycling of cardboard as so much is in 
packaging. Cardboard is still not widely recycled because of the huge variety in 
grades available that requires separating and the market for the waste is very volatile. 
CFC gas from old fridges and freezers is now disposed of safely by the local 
authorities. Composting of green waste by local authorities is increasing and the 
compost sold back to the public. There was no thought of this when this research was 
done. 
Those that do recycle often believe it is better to recycle everything, this is not always 
the case. The second questionnaire provided household batteries as possibilities for 
recycling but there is far more use of energy recycling them than is recoverable. 
Also what demand is there for the recycled material, e. g. in the UK the requirement 
for green glass is rare but there are vast quantities of waste because of importing wine 
bottles. This is often exported but again cost is the major factor to whether this is 
feasible. 
The first questionnaire said that apathy by the public was the main reason there is 
little recycling, unfortunately this is still the case. In this country for several 
centuries there has been a free collection of household waste, in other European 
countries there is a direct payment for this service. Unfortunately this has led to a 
British society that believes that the problem of waste and therefore recycling is tile 
problem of someone else. Accessibility of deposit sites was tile second reason given 
in die first questionnaire for people not recycling; this is still currently tile situation. 
Interestingly research undertaken by Leicestershire County Council concluded that 5- 
10% of people will never recycle, no matter how much promotion and education are 
completed. The first questionnaire results said education was the only long term 
method of changing die public to recycle. This is now done in die Leicestershire area 
by talks, videos and books for schools and other community groups. There is no 
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evidence that this feeds through to adulthood, as time and convenience again become 
the priority. 
The second questionnaire proposed a multi-compartmental bin and refuse lorry. 
These are now available, tests done in Leicestershire were failures as the public would 
not separate their rubbish and saw this as the Councils job. This system has been 
successful in other countries mainly because the local authorities have never 
previously disposed of waste without a charge. It is also currently cheaper for tile 
Leicestershire authority to sort the recyclable products centrally than to buy special 
compartmental lorries and bins. 
The first questionnaire results commented that electronic data would reduce tile 
consumption of paper. This has not occurred as there is now even more computer 
paper. Now that electronic data has advanced further with most offices having the 
"internet" and "e-mail" paper usage is finally reducing. 
11.3.0 Incineration 
As predicted in the first questionnaire, legislation on emissions from incinerators has 
become stricter under EU law. The use of incinerators is extensively in large 
conurbations that do not have the land available for landfill sites. Incinerators of 
waste can now convert the energy produced to electricity or heat. There is a rubber 
burning incinerator in operation in the UK that produces energy. Therefore, as 
predicted in the questionnaire results the production of energy is possible from the 
incineration of all waste. The question is still whether it is economic to produce the 
energy using this method. 
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12.0.0 THE' PRESENT POSITION OF DCE LTD 
A review will follow about the present position of DCE Ltd the company at tile centre 
of the research. Since the concept of this research was presented there have been 
seven managing directors, therefore many changes have occurred. BTR plc still owns 
the company, but its name is now BTR Environmental. This is the amalgamation of 
seven companies that manufacture and/or sell environmental products or services. 
There are six manufacturing operations and five assembly plants, 1,400 employees 
and over 300 products. The products now also include some suggested in this 
research, they fall into four categories and follow in Figure 66. 
The main strength of DCE was its name that was a reflection of its world leadership 
in dust control equipment, to the customers DCE meant quality. The company no 
longer trades under this name, with all traces of it removed, simultaneously the level 
of sales has fallen. It is rumoured that competitors have taken the opportunity to tell 
customers that DCE no longer exists. Customers once loyal to DCE now do business 
with the competitors. To successfully change a company brand name there has to be 
huge expenditure to launch the new name. This reassures customers that the company 
is even better than it was before. 
There is no longer one manager in charge of Development, Marketing and Design. 
This seems a step backwards as they again all have separate managers with their own 
objectives. There is no Technical Director on the Board which may cause 
communication problems with the technical departments. DCE still have all ale 
products they had when the research was undertaken. There has been the 
development of a further dust control product, die Unicell. This controls fumes from 
laser cutting processes and other dust control applications. The development of an 
oil mist filter has also occurred. The market research for this product was completed 
during this project. They have taken over Delta Neu the major French dust control 
company and Neotechnik a German company. A dust control filter that will withstand 
high temperatures has not been found, but development work continues in this area. 
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BTR Environmental Product Portfolio 
Air Emission Air Intake Liquid Filtration Waste Filtration 
and Treatment 
Bio chemical Adiabatic cooling EDM filtration Waste handling 
hazard 
containment 
Dust control Air intake Fuel & lube oil Waste filtration 
filtration coalescers 
Fume control Clean room Fuel filtration Waste 
filtration management 
Heat exchangers Combustion air Hydraulic oil Waste water 
blowers filtration treatment 
Odour control Gas filters Insulating oil 
treatment 
Oil mist HVAC filtration Lube oil filtration 
elimination 
Silo venting Industrial Microfiltration 
ventilation 
Vacuum cleaning Pneumatic Processliquid 
systems conveying filtration 
VOC abatement Process air & gas Water filtration 
blowers 
et scrubbing Process air & gas 
filtration 
Figure 66 
The company employs approximately the same number of people and has the same 
distribution network of companies abroad. There is no market research undertaken 
regularly. The marketing department is still mainly a service department, completing 
product literature and designing exhibitions. 
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The aim of BTR Environmental is to provide world industry with tile best filtration 
and separation technology available. It has leading brand names within its portfolio 
but it needs to understand the strength of the marketing that has made those names. 
There is a requirement for an appreciation of what they stand for today in industry 
and to not loose the key identity of the brands. 
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13.0.0 DISCUSSION AND CONCLUSION 
All organisations have existing information and data with which a company profile to 
determine the current position of the business can result. Opinions can arise about 
the current product range from customers. At some stage however, all companies 
need to develop new products, they often do not know what they want or in which 
direction to go. Many do not even ascertain their current position or question their 
existing customers. This lack of basic marketing research is one reason British 
manufacturing is in decline. There is always a requirement for new products to 
ensure that the company is ahead of the competition. 
The company in this research manufactured one type of product and realised that if 
there was a sudden change in technology they might face problems. They did not 
know which direction to take, they had a willing investor as a holding company and 
did perceive that they had a potential problem. By undertaking a company audit, a 
customer survey and completing market research the current position of the company 
and its market was found. This resulted in the strengths and weaknesses of the 
company being identified and the opportunities and threats facing the company by 
external forces. This alone did not generate ideas for new diversified products or 
even areas of possible interest for further research. 
There was the requirement for a practical solution for generating new product ideas. 
None of the existing methods such as brainstorming or gap analysis would have 
achieved an adequate result. These methods would not result in diverse enough 
knowledge base to create ample data to practically generate sufficient ideas. The 
achievement of this was by developing a new technique using the Delphi Method 
principles. The unique design of intricate questionnaires enabled the researcher to 
collect information from a large group of experts. This data with the aid of further 
questionnaires can become more detailed, can be directed towards a certain route or 
can even become a prediction for future products. After completing approximately 
three questionnaires, specific areas of interest usually emerge. At this stage the 
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traditional mediods of product development would discover die potential for the 
proposed new product ideas. 
The applications for this method of new product idea generation are many. It collects 
information from a diverse group of individuals, this is analysed and clustered into 
relevant subjects. The internet can enhance the method by generating lots of data and 
information quickly. To effectively use this data it requires sorting and refining this 
method can accomplish this. 
An area frequently neglected in other research is the generation of ideas to develop 
into products. In practise, this is the most important area of product development. 
Without good ideas the development of future products can never happen. In many 
organisations this stage of the development process is often left to chance and the 
creativity of individuals to invent new concepts. This method enables the generation 
of ideas to become a practical exercise in the product development cycle of all 
companies. The following flow diagram Figure 67, shows the process of this research. 
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COMPANY PROFILE 
via Audit 
CUSTOMER SURVEY I 
Existing Product Range I 
COMPETITOR SURVEY 
Existing Product Range 
A NEW PRODUCT 
EXISTING PRODUCT DEVELOPMENT METHODS 
I REQUIRE NEW METHOD FOR GATHERING A LOT OF DATA I 
JAPAN vs EUROPEAN SUCCESS 
RAL LEAPS OF IMAGINATION NOT LOGICALLY BASED 
IDELPHI METHOD I 
DIVARICATE DELPHI METHODOLOGY 
DIVARICATE DELPHI RESULTS 
PRODUCT DEVELOPMENT MO 
PRODUCT 
Figure 67 
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13.1.0 Successful Features 
During the research there was a positive move regarding the organisational structure 
of DCE. Marketing, R&D and Design Engineering were headed by a business 
development manager to improve communication and to ensure new products matched 
the customer's requirements and were developed as quickly as possible. Due to 
further managerial changes this does not exist now, each department is again 
independent. This forms barriers to the flow of knowledge and is not an ideal basis 
for the generation of ideas and product development. 
A major problem with this type of research is the task of gathering information from 
company employees and the experts in the Delphi. Most company employees do not 
volunteer information. There are several reasons for this: as it is their job, it is 
difficult to explain knowledge that has built up over time; often knowledge is power 
meaning employees do not want to loose this and employees often believe research 
to be a waste of time. From the Delphi position: the experts are not sure what depth 
of information is required and they also always believe that facts are required not 
opinions. In both cases this results in stifled rigid responses that are not likely to fire 
the imagination with any creativity. 
There is more information received by informal contact rather than formal 
questioning. From a company focus there is far more information about the company 
obtained from being involved in informal conversations at lunch, social events and 
before structured meetings. Much of the success of this research was due to the 
researcher's ability to easily communicate with other employees from all levels and 
backgrounds, breaking down the traditional barriers found in UK manufacturing 
companies. From a Delphi position the ideal situation is to obtain informal 
knowledge from the respondents about associated areas of interest. By doing this, a 
creative product idea is far more likely to occur. 
A problem with any research involving a questionnaire is the quality of the sample 
used to answer, with a Delphi this is the panel of experts. If it was possible it would 
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be ideal to ask all people with any interest in the subject being researched to answer 
the questionnaires. This is never possible due to the lack of time to assess the 
answers and lack of money to produce, distribute and analyse tile questionnaires. Tile 
other problem would be to identify all the experts. This research produced a panel 
of experts that was evenly spread throughout industry and had a varying level of 
expertise. 
One difficulty that was overcome was to keep all the experts interested and motivating 
them to respond. The questions had to suit various levels of expertise from those who 
knew nothing about a subject to those who were experts, the answers from both 
parties were important. With this Delphi the researcher was also not an expert in the 
area of research as the area was so diverse. The achievement of all of these was by 
designing questions in different ways and by giving a summary about the current 
views of each subject covered. There needed to be emphasis that the questions 
required answering with the best judged response in each expert's opinion even if they 
did not know anything about the subject. The reason for this is so that there is an 
exploration of all points of view. The amateur often looks at a subject in a different 
and new way to those with expertise in the area. This can ultimately lead to new 
products, the Delphi will eliminate those areas that are not feasible in future 
questionnaires. 
The initial survey that found out information about the panellists and gave them the 
opportunity to raise subjects that they would like researched was very effective. It 
ensured that there was a profile of the panel that gave the research credibility and was 
a source of inspiration for the researcher. It also gave the panellists an idea of what 
the research involved so that they could decline to take part. 
13.2.0 Problems 
The main problem with this project was the company's commitment to tile research 
changed during the process. There were several managerial changes that meant 
different business philosophies arose resulting in organisational restructure. 
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Consequently, the support and enthusiasm for this research decreased. As Andrews 
(Ref. 25) says the main reasons for failure are the lack of a development policy and 
poor organisational structures. 
The company also did not have concise objectives regarding this research. On 
reflection the project would have been far easier to complete if there were defined 
goals set at the beginning. For example a major strength of DCE is it's engineering 
processing capabilities. If the project definition stated that a new product must be 
manufactured using the current or similar manufacturturing techniques the research 
could have been more precise. With hind-sight and experience the researcher should 
have suggested this route. 
The Teaching Company Scheme was the catalyst for this project, without this type of 
stimulus and financial resource it is doubtful whether such research would be 
completed by DCE or in most medium sized British engineering companies. The UK 
R&D Scoreboard (Ref. 6) confirms that there is a lack of investment in research and 
development in the manufacturing sector. The number of patents taken out by UK 
companies is at a much slower growth rate than France, Germany and Japan again 
reflecting the lack of commitment for research and developenint in this country. 
This type of research has to be continuous, this was another problem with this project; 
the company saw it as a one-off exercise. Collecting data about a company, its 
markets, customers and competitors must be continuous to have any benefit. As 
mentioned often throughout the thesis ideas for new products do not just miraculously 
appear, continuous updating of information is the key. For the same reasons the 
Delphi is also not a once only exercise it should be completed at intervals, the timing 
of those will depend on the industry. This is a critical issue if Western companies are 
ever going to increase their product development times to reflect Japans. 
A problem with the industry in this research was the lack of information available 
regarding the industry and it's market. There appears to be a lack of desire by most 
employees to know everything about the market that they are in. This made 
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compiling information from different disciplines like R&D and production engineering 
difficult. In other sectors each discipline finds out as much as they can about 
competitors and the section of the market that they are involved with. An example 
came from a visit to the JCB manufacturing plant, shop floor employees know the 
market share for their products. 
The company at the centre of the research only had two of the nine essential 
requirements for a successful innovating firm according to Roy (Ref. 27). These 
were a strong in-house professional R&D department and that they were large enough 
to finance heavy R&D expenditure over long periods. The main areas they lacked 
was the performance of basic research, readiness to take high risks, the early and 
imaginative identifiction of potential markets and an entrepreneurial spirit strong 
enough to effectively coordinate R&D, production and marketing. 
A difficult part of the Delphi was the selection of the panel of experts. The main 
problem was finding names of willing participants that would give a substantial 
amount of time to the exercise. The most disappointing section of the community in 
this research was the lack of political opinion. As leaders of the country it would 
have been beneficial to obtain their views. 
Another problem with the Delphi was the time taken to design, post, return, analyse 
and send the results of the questionnaires. This results in a lack of continuation of 
the project with many panellists becoming despondent or leaving jobs. Also many do 
not keep copies of the answers they gave and the responses become fragmented. A 
related problem is the accessibility of the analyst and panel members. With the 
existing method follow-up letters were sent to encourage response to the 
questionnaires. Again this takes valuable time and postage costs. The panellists had 
the opportunity to phone the researcher with any questions but few did. At the time 
postal questionnaires werethe only choice. The fax was a possible means of 
communication, but it was not a very reliable method. Messages often did not get to 
the person intended due to the loss of pages. During the time of the research there 
would have only been one machine per office or even company so messages often 
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never got to their destination. The time taken to send many paged documents to 
hundreds of addresses would have been very slow with the technology available then. 
With the technology available today the Delphi could be an effective tool. An internet 
link would ensure all communication flows were: easier, quicker and possibly cheaper 
than the traditional method. For example, timed reminder messages could be set 
It'o 
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encourage quicker response. It is important for the process to be as quick as possible. 
This ensures that the data is as current as it can be and there is a momentum for 
creative thought to develop. This is discussed further in the Future Work chapter. 
The design of the questionnaires in this research was a complex procedure with the 
requirement of much background information. The internet would possibly make this 
process easier due to the use of "Newsgroup" structures rather than formal 
questionnaires. These are dialogues with other internet users and can be about any 
subject, people join in if they are interested. There is still the requirement for a 
degree of structure but more of an informal conversation between the panellists would 
result rather than formal questions and answers. The obtaining of instant answers is 
possible regarding problems with the original questions. 
Although the questionnaire design helped to motivate and keep the panellists 
interested, on reflection the experts should have been encouraged to respond more. 
There was a requirement for more emphasis on the importance of answering the 
questions using the best judged answer. The problem with this is that many people 
feel uncomfortable doing this as they believe it may mislead the results, but the 
Delphi process would eliminate this problem. Future questionnaires would use the 
answers provided and if others did not agree with these they would not continue in 
the process. 
The method used to analyse the diverse questions with open-ended formats and those 
with several layers of information was slow and very demanding on the analyser. The 
nature of the method biased the answers towards the analyser's logic as there were 
links made between various answers. This would still be a major issue using tile 
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internet as there is likely to be far more information generated. An advantage of the 
internet is direct printing or automatic transfer of all the data into other software. 
Another advantage is that the information gathered is current and up-to-date as it is 
instant without any delays. This may also steer towards shortening lead-times from 
generation of ideas to the development of products, which as explained previously, 
is vital in today's market. 
The panel was from a good distribution of industry types and level of expertise, but 
it was quite small with only 64 responding. Ideally around 100 panellists would have 
been acceptable and a manageable number to analyse. The selection of the original 
number was from past questionnaire responses of 30%. 
The reported results sent to the panellists were not in the same order as the original 
questionnaire, on reflection this was confusing. The completion of the results was in 
a report format, the straightforward data would have been better in question order. 
The main problem with this research method is that the researcher begins with very 
little knowledge within the defined area but after the first questionnaire has alot of 
data. This has to be analysed and further questions developed, at this stage decisions 
may have to be taken as to the direction the research is moving. By the third 
questionnaire final clarifying questions are asked and the researcher is relatively clear 
as to which direction they will finish. There were many avenues available to research 
further but six came out as possibly the most interesting for DCE to develop. It must 
be emphasised that these were only ideas and still had to be researched extensively 
using currently available product development techniques discussed previously. 
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14.0.0 FUTURE WORK 
There were six areas for possible further development resulting from this project 
together with a lot of interesting information. For additional successes there are 
several other areas for future investigation. These areas emerge from the problems 
that arose during this research. A discussion of the problems was undertaken in the 
last chapter, a list of them follows: 
- Lack of commitment from the company 
- Formality of information gathering 
- Continuity of the research 
- Finding a large enough panel 
- Time lags between questionnaires 
- Designing questionnaires 
-A database to analyse and interpret vast quantities of diverse information 
A technological advance since the completion of this research is the ability for instant 
computerised communication via the internet. This new technology has a great 
influence on the future of the Delphi techniques completed in this research. 
14.1.0 Commitment of the ComPany to the Research 
The company's commitment to the research changed during the process, resulting in 
the support and enthusiasm decreasing. An area for further investigation arises, 
which is to develop a "Corporate Direction Model". This would ensure the company 
could define clear objectives regarding product development by a step-by-step process. 
The model would act as the catalyst for setting up a product development process. 
It would also ensure that management changes would not affect the commitment to 
product development as a strong process would be in place. 
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14.2.0 Information Gathering 
Research is required to determine how to access informal information and gather it 
from all company employees not just those directly associated with product 
development. T'he process needs to ensure that the analysis and logging of the 
information are in ways that would be useful to the company. It would allow for the 
determination of the company strengths, weaknesses, opportunities and threats and 
generate ideas for product development and improvements to processes within the 
company. 
For the Delphi there is a requirement for a process to ensure the gathering of informal 
information from the respondents. This would probably be easier with the internet 
as conversations can occur on-line with immediate response and questioning of several 
people at once if necessary. 
14.3.0 Continuity of the Research 
Concurring with both subjects so far discussed this type of research has to be 
continuous. An area for further work is to develop a process that will easily and 
continually gather this type of information. As part of this, a major exercise is to find 
a method of showing companies the need for continuously doing this research. There 
is also a requirement to determine whether this work is most effective when 
completed by outside agencies or company employees. 
14.4.0 Selection of the Panel 
The internet would enable accessibility to a vast array of people from around the 
world if required. The Delphi in this research was based in the UK due to a lack of 
resource and time. The information available on a worldwide scale is obviously much 
greater. Video images could be sent through the internet that would help to explain 
the process to the panel. Visual communication is always comprehended far easier 
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than the written word. The Delphi techniques used in this research could possibly 
become a commercial proposition that would result in the paying of the experts for 
their service. Possibly there would be the formation of a three-tier panel as Figure 
68 shows. The Permanent Core Panel as the name suggests are a group representing 
every aspect of society and business that are available for every project. The second 
tier is the Product Specific Panel that are a group with links to the particular resear8h 
so therefore change with each new project. The third tier is the Non-associated Panel 
constructed from a general group with no links to the project subject. These would 
again change with every project. The internet would make it easier to contact a range 
of people interested in the research. 
Non-associated 
Panel 
Product Specific Panel 
Permanent Core Panel 
Figure 68 
14.5.0 Time Lags 
An internet link would ensure all communication flows were: easier, quicker and 
possibly cheaper than the traditional method. For example, timed reminder messages 
could be set to encourage quicker response. It is important for the process to be as 
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quick as possible. This ensures that the data is as current as it can be and there is a 
momentum for creative thought to develop. 
14.6.0 Questionnaire Design 
it 
The internet would make questionnaire design easier due to the use of "Newsgroup" 
structures rather than formal questionnaires. There is still the requirement for'a 
degree of structure but more of an informal conversation between the panellists would 
result rather than formal questions and answers. The obtaining of instant answers is 
possible regarding problems with the original questions. Figure 69 shows how this 
process could work. 
Areas of Interest 
Responses e-mailed to Researcher 
Investigation of Qualification of Respondents Iq 
Survey Constructed 
Problems & Further Questions 
Newsgroup 
Figure 69 
The researcher would ask anyone interested in certain subjects to contact them at an 
e-mail address. The respondents would then provide some information about 
themselves, including hobbies and interests. This would enable the profiling of the 
respondents. They would also volunteer anything they want to know about the subject 
or any comments they would like to make. From this, there could be a construction 
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of a survey of questions and "newsgroups" formed. The "newsgroup" would debate 
any problems, raise further questions and issues that could all feed back into further 
surveys. The timing of this would be far quicker that the traditional postal surveys. 
Communication would be far less formal and constricted to rigid answers. All of this 
would result in immense ingenuity with many ideas generated. The internet could 
encourage a response from the panellists uncertain of answering. 
Security often cited as a problem with the internet is not a huge issue as there is a 
continuous development of systems to overcome any breaches. Anonymity is also 
important with the Delphi and again the internet can provide this. 
14.7.0 Analysis of the Questions 
Analysing the questions would still be a major issue using the internet as there is 
likely to be far more information generated. An advantage of the internet is direct 
printing or automatic transfer of all the data into other software. Another advantage 
is that the information gathered is current and up-to-date as it is instant without any 
delays. This may also steer towards shortening lead-times from generation of ideas 
to the development of products, which as explained previously, is vital in today's 
market. 
There is a need for the development of an analysis tool that mimics the human brain 
to sort data into nonlogical stratums. Figure 70 shows the requirement graphically. 
The ideas from the Delphi and even different Delphis need linking to produce future 
products. 
For example, the Delphi could generate futuristic ideas for lifestyles in the year 3000. 
These ideas are then worked back to a more realistic product nearer the present day. 
An example of a current product development that might have evolved this way is the 
washing machine that does not require water. Even ten years ago this would have 
seemed ludicrous to most people but a leading washing machine manufacturer thought 
it a viable proposition for development. 
196 
Figure 70 
14.8.0 Product Development Tool 
TO C011CILide the thesis the final requirement is it new prochict development too[ for 
tile total process from the generation of the idea to the design of' tile product. As 
discussed previously in all the current product development tools there appear to he 
areas missing. The most important area overlooked by all previous atithors is tile 
generation of ideas that can then go on and be developed. It is also Important to 
continuously update the research to find new ideas at predetcrinmed timings depending 
on the product. There is a requirement for a comprehensive model t1ml Includes all 
aspects of product development in detail. 
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16.0.0 APPENDICES 
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Appendix 1 Company Audit Questionnaire 
Current status of DCE Ltd 
1) Products - Unimaster, Dalarnatic and Sintarnatic 
la) Tick the most appropriate comment in your view 
EXCELLENT GOOD 
Flexibility of product range 
when solving customers problems 
Technical performance 
characteristics 
Added value of ancillary features 
(dual pressure switch; etc) 
Quality of materials 
Quality of construction 
V 
FAIR POOR 
Paint colour 
Paint finish (state in the box you tick, 
whether own painting, UK's new 
paint line or old line) 
How well are DCE products 
recognised 
Overall design of products 
(in relation to the industrial 
environment) 
lb) Have you any comments on la. 
1c) Have you ever formally researched your customers opinions of our products? Yes/No 
If no, do you think they should be asked in the future? Yes/No 
If yes. how do you act on the information provided, and is there a set documentation procedure to notify 
head off ice? 
PsQe I 
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ld) Have you any other comments about the products 
Customers 
2a) Who is your largest customer based upon their orders of DCE equipment? (including the approximate 
sales value) i. 
2b) With regard to 2a what is their business? 
2c) Considering the whole market what Is the approximate average value per order? (local currency) 
2d) What percentage of orders are for 
Resale % 
Process industries % 
One-off nuisance solving % 
2e) Why do your customers usually buy dust control equipment? (pleasenumberinorderof importance, 
6 being most usual reason, I being least usual reason or NIA not applicable) 
Nuisance Process 
Application Application 
Product reclaimation 
Health risk 
Dangerrisk 
Government legislation 
Specify others 
20 Are the changing attitudes towards the environment Influencing more companies to buy DCE 
products? 
2g) Are there any potential market segments fle chemicals, cement, food, etc or geographical areas) not 
yet developed within your territory? Please give details, and explain why they have not been 
developed. 
Paqo 2 
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3) Advertising, Promotion and Personal Selling of DCE Products 
3a) Tick the most appropriate comment in your view, and state whether the answers are based on 
measured results or intuition? 
(CELLENT GOOD FAIR POOR 00 NOT KNOW 
Response from exhibitions 
Public relations 
Sales aids (brochures) 
Results from advertising 
Results from promotions (mail shots) 
3b) If any of your answers to 3a were 'do not know' please explain why you chose this comment? 
30 Your methods of advertising (please numberin orderof importance, I being least usedmethod, 7 being 
most used method or NIA for not applicable. 
Trade magazines 
Professional magazines (Institutes etc) 
Bill boards 
Transport hoardings 
Newpapers 
Trade/telephone directories 
Name others 
3d) Is your marketing budget sufficient? Yes/No 
If no, by what percentage(%) increase would you ideally require? 
3e) Please comment on your answer to 3d, 
PaQo 3 
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30 When comparing your territory's advertising costs with those of the Ule, (tick which comment is the 
most appropriate) 
Ya page A4, assuming mono (Black and White): U. K. Norm Higher Lower Similar 
In a Trade magazine 
(specific audience low circulation) E400 
In an Engineering magazine 
(general audience high circulation) E925 
3g) Your methods of promotion (please numberin order of importance, I being least usedmethod, 4 being 
most used method or NIA if not applicable) 
Mailshots 
Exhibitions 
Lectures/Seminars 
Name others - 
t3h) Your selling techniques (please numberin orderof importance, I being leastusedmothod, 5being most 
used method or NIA if not applicable). 
Cold calls by salesforce 
Customers enquiries to main office being followed up by sales force 
Customers contacting sales force directly 
Office based telesales 
Name others 
30 The average number of calls by each Sales Engineer per week? 
3j) What is your quotation conversation rate of Unimaster % 
Dalamatic % 
Sintamatic % 
3k) What Is the total cost of running your sales force per annum? (this will be used to identify your 
territory's sales force to turnover ratio) 
31) Methods of recruiting your sales force (please number in order of Importance, I being least used 
method, 4 being most used method or NIA if ot applicable) 
Agencies 
Newpapers advertisments 
Personal contacts/recommendations 
Name any others 
3m) Please comment on how difficult it is to recruit the right people for Sales Engineers 
Paw 4 
208 
3n) Methods of training your sales force (please numberin orderof importance, I being least usedmerhod, 
4 being most used method or NIA if not applicable) 
In-House Courses - Local 
- Head Office 
External Courses 
Name any others 
3o) Your sales force appraisal methods (please number in order of importance, I being least usedmethod, 
4 being most used method or NIA if not applicable) 
Periodic written reports 
Periodic spoken reports 
Appraisal reports 
Name any others 
3p) Your motivation methods foryour sales force (please numberin orderofimportance, I being least used 
method, 4 being most used method or NIA if not applicable) 
Company car 
Commission schemes 
Bonus schemes 
Name any others 
3q) Which of the following represents your future activities within each area? 
INCREASING DECREASING CONSTANT 
Personal selling 
Promotions 
Advertising 
4) Prices 
If your competitors cut their prices do customers change to their products? Yes/No 
If you have any comments on this please state. 
Distribution 4 
5a) Your methods of distribution (please tick the method you use within your tenftory) 
Own road transport 
Contract road transport 
Trains 
Barges 
Ships 
Aeroplanes 
. .. R 
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5b) How many warehouses have you in your territory? 
5c) Does your selling and distribution system cover the market efficiently? Yes/No 
Please comment on your answer 
5d) What levels of stock do you usally hold? (in local currency) 
Unit components 
Units 
qn; 4rj--q 
11 
5e) How long does your Internal distribution system take to deliverthe product to your customer once 
it arrives In your territory? 
5f) Should this be Improved upon? 
p 
5g) How many agents have you in your territory? 
5h) How many resellers have you in your territory? Can you name the largest two and In 
each case state what their primary business is 
5i) Comment on any future changes to your distribution methods and outlets 
Customer service 
6a) Have you a product service/maintenance scheme? Yes/No 
6b) If yes what Is the procedure? 
60 How many returned goods or complaints do you receive per month? 
What are the main reasons for complaints? 
6d) Comment on any future developments to your service policy 
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7) Internally generated information and data received 
7a) With regard to the information you receive intemally from DCE group, both written and spoken, 
please tick the relevant comment. 
Is it accurate? 
Is it sufficient? 
Is it received in time? 
Is it all being used? 
Sometimes Always 
7b) Please give your comments regarding 7a. 
8) Corporate objectives 
8a) What do you think DCE group corporate objectives are? 
8b) Do your local company objectives differ? If so state in what way 
8c) What are your strategies for achieving your objectives? 
8d) Do you feel you have enough resources to achelve these strategies? Yes/No 
8e) With what approximate percentage are your financial resources allocated? (not all of the following 
will apply to all territories) 
Sales % 
Manufacturing % 
Accounts % 
Personnel % 
Customer services % 
Marketing % 
Name of others % 
80 What are your thoughts with regards to your company expansion? ie manufacturing, numbers and 
skills of personnel, number of warehouses, new territories, etc. Please indicate whether these are short, 
medium or long term intentions. 
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The Market for Fabric Filter and Sinter - Plate 
Dust Control Equipment 
The following questions are concerned with the market for fabric filter and sinter- plate dust 
control equipment within your territory. (please use your experience to estimate if necessary) 
Sales 
The Market DCE'S Market Share 
11a) Total in value per annum? % 
1b) Indicate the approximate percentage breakdown by Industry segment: 
1%) of the total DCE(%) Give reasons for any Industry dust control market share of this High/Low performance Industry 
Food 
Pharmaceutical 
Chemical 
General Engineering 
and Metals 
Cement 
Woodwaste 
Others (specify) 
100 
paqe 8 
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1c) What are the approximate percentage of sales by product type? 
Product value 
N of the DCVs N Give reasons for any 
total market of this market High/Low performance 
Motorised shakers 
Pulsed jets 
100 
Product quantities 
N of the DCEs M Give reasons for any 
- total market of this market High/Low performance 
Stand-alone 
Insertable 
Custom built fie bag houses) 
- 
100 
Pulsed Jet Market 
Tubular Bag 
Pocket/Envelope 
Cartridge 
Sinter-plate 
100 
Total Market 
25m2 or less 
26m2 to 50m2 
51 M2 to 150mý 
151 m2 to 250rn2 
251 m2 to 1 00OM2 
Over 1001M2 
100 
1d) What are the sales trends within your territory In relation to product type, filter media type and 
size? 
PSQG 9 
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Products 
2a) Please list your leading competitors in order of market share. 
1. 
2. 
3. 
4. 
5. 
2b) Tick the most appropriate comment In your view (for the top two competitor's products) 
Competitor Excellent Good Fair Poor 
Overall Technical 
performance 
# Overall product design 
Aesthetic appeal 
2 
1 
2 
1 
2 
2c) Have there been, or will there be in the future, any significant product developments within 
your territory? 
3) Prices 
3a) Within your territory indicate the approximate highest and lowest prices as a percentage (%) In 
comparison to DCE's, for each product: (please follow the example) 
(%) Higher price DCE (%) Lower price and 
and competitors name Price competitors name 
Example 
UMA150 10% J. R. Jones 100% 20% F. R. Wren 
Product type and size 
IJMA1 50 or equivalent 100% 
DLMV 10/10 or equivalent 100% 
DU30 or equivalent 100% 
DLM Cased 1/4/15 
or equivalent 100% 
SU48 or equivalent 100% 
SC 2B/80 or equivalent 100% 
SI or equivalent 100% 
PaQo 10 
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3b) What are the normal discount procedures within your territory? 
30 What Is the usual credit period given within your territory? 
3d) Is competitive price cutting a common practice in your territory? Yes/No 
3e) Which of the following are most likely to effect the future trends In pricing: Inflation, added 
product value, corporate image or name any others 
4) Promotion, Advertising and Selling 
4a) If there are any significant differences between your method of advertising and your 
competitors methods please comment 
4b) If there are any significant differences between your methods of promotion and your 
competitors methods please comment 
40 If there are any significant differences between your methods of selling and your competitors 
methods please comment 
5) Customer Service 
5a) Do competitors provide a service arrangement(scheme within your territory Yes/No 
If yes comment what, if any, effects this has on your positon within the market. 
paqo II 
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6) Economic, Environmental and Cultural Effect3 on the Market 
Could you please give a brief report on your territory's economic. political. environmental and cultural 
status, showing any effects these may have on selling our products and the running of the DCE 
organisation. 
7) In which areas do you see DCE developing (ie services, distribution, new products, etc) 
Poo 12 
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Appendix 2 Customer Survey Questionnaire 
1. 
2. 
3. 
On average, how often do you purchase dust control equipment Inot spares)? 
Every year 
Every two years 
Every five years 
Every ten years 
Over ten years 
Please rank In order of Importance the reason why you buy dust control 
equipment? (1-5,5 Most Important). 
Product reclamation 
Health risk 
Government legislation 
Dangerrisk 
Specify others 
Please tl4; k which products you have purchased from DCE recently? 
Unimaster 
Dalamatic Unit 
Dalamatic Insertable 
Dalamatic Cased 
Sintarnatic Unit 
Sintarnatic Insertable 
Sintarnatic Cased 
No. -yrj 
Official Use 
Only 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 
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4. 
6 
0. 
6. 
8. 
I 
Please tick the most appropriate comment In your view with regard to the DCE products 
you have purchased. 
Flexibility of product range when solving your 
dust problems. 
Technical performance characteristics 
Added value of ancillary features (i. e. exp rel, 
pressure monitoring etc) 
Quality of materials 
Quality of construction 
Paint colour 
Tick if no opinion ED 
Paint finish 
How well are DCE products recognised 
Overall design of products in relation to the 
industrial environment. 
Please make any other comments about our products. 
Please tick the most Important Issue to you when you buy our products. 
Price 
Advice and solution to a problem 
Service 
Name others 
Do you consider our delivery times acceptable? (please tick) 
Yes 
No 
Please state where you have seen DCE advertised or promoted? 
NO. -6 -S I 
Official Use 
Only 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
1 
2 
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9. 
10. 
With regards to our "mice to you, plea" tick the most appropriate comment In your view. 
Pre-sales (Reception and Sales Dept) 
Survey of your needs by the sales engineers 
Installation (If applicable) 
Operating instructions 
After-sales (sales engineers visits) 
Product Service/Maintenanc scheme 
Spares availability 
Please make any other comments about customer serviceor express 
disatisfaction if applicable. 
11. Please name other companies manufacturing dust control equipment 
12. If you have seen or used other companys' products could you please write their 
names, against the most appropriate comment In your view about their products. 
Excellent Good Fair Poor 
Overall technical performance 
Overall product design 
Aesthetic appeal 
4-1. What future requirements may you have from DCE (types of product, complete 
package, service etc. ) 
14. Please tick the box which Indicates your approximate turnover per annum. 
E1,000,000 or less 
E1.000,001 to E5,000.000 
E5,000.001 to E10,000,000 
E10.000,001 to E20,000,000 
E20,000,001 to C50,000.000 
Over E50.000,000 
1S. Please state your primary business. 
No. 3 71 
Official Use 
Only 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
5 
6 
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Thank you for completing the questionnaire, I would appreciate a few more minutes of your 
valuable time. As part of my degree, I am completing a research project into producttservice 
development. I would be grateful for your co-operation in answering the following 6 questions 
about your business. 
In what direction do you see your business expanding 7 (Please tick If applicable) 
New Products 
Increasing Service 
Acquisition 
Diversification 
New Markets 
Adaptation of Existing Products 
2. Does the current "environmental awareness trend" affect your business at present ? (Please tick) 
Yes 
No 
If yes In what way ? 
3. Do you perceive opportunities for your business from the growth In environmental awareness ? 
(Please tick). 
Yes 
No 
If yes In what way 7 
Please state the types of new products, services, technologies, etc, you believe will 
emerge in the future in your business. 
5. Please state any developments you wish to follow If you had the resources to do so. 
Please give any other relevant comments you feel will help my research. 
Please use the reverse of this sheet if necessary. Thank you for your help. this information 
will be used in the strictest of confidence for my research purposes alone. 
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Appendix 3 Initial Delphi Survey Letter 
dust control equipment 
Dear ' 
91/3 
DCE GROUP LIMITED 
Humberstone Lane Thurmaston 
LEICESTER LE48HP (Regd. office I 
Re9d. no. 314 592 ENGLAN D 
I& LEICESTER 10533) 696161 
TELEX 342409 DUST G 
FAX 10533) 693028 
Your ref. 28 March 1991 
Our ref. 
Date 
You have been recommended to me as an expert in your particular field. I wouic 
therefore appreciate your help in the completion of a project which I have 
undertaken as a Teaching Company Associate with an industrial company. The 
Teaching Company Scheme aims to develop the partnership between industry and 
acadermia. The program in which I am involved is one between DCE Group Ltd and 
the Department of Mechanical Engineering at Loughborough University. 
The DCE Group Ltd is an international company based in Leicester. It has been 
market leader in the field of dust control for more than 70 years. My task 
within the Teaching Company Scheme is to investigate and develop new business 
opportunities outside the present area of operation. 
my inquiries to date have indicated that it is possible that some of these new 
opportunities may exist within the area of increased awareness in the 
environment. In order to assertain the long term stability in this area and 
the effects of current and proposed legislation on various market sectors I 
intend to carry out a survey using the Delphi forecasting technique. 
This method collates views of experts from various fields by a series of 
anonymous postal questionnaires. Each set of returns are analysed and the 
results incorporated into the next questionnaire, comments on the consensus 
are then required. The aim is to obtain a majority view. 
The questions will be straightforward, it normally takes 3 rounds of 
questionnaires to achieve a consensus. Each questionnaire will be sent out at 
approximate 4 weekly intervals, therefore it is estimated that the whole 
process will be completed within 4 months. A final report will be compiled and 
circulated to respondents who complete all the rounds of the survey. Thereby 
providing you with an insight into the future of this previously unresearched 
area. 
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If you would like to participate in this research and receive a copy of the 
final report, please complete the initial survey enclosed. These details wil: 
be used for the selection of a balanced panel of experts and enable any areas 
that you feel important to be included in the initial questionnaire. ' 
Please return the questionnaire in the prepaid envelope provided as soon as 
possible. If you have any queries about the questionnaire or the project 
please contact me on (0533) 696161 x259. 
If you feel unable to help please pass these detail3. bn to a colleague with 
expertise in a similar or corplementa. ry area to. yourself which would impro7e 
the final results. 
Yours sincerely, 
4ý5- 
64Cý47ý 
C Lynn Edwards (Miss). 
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Appendix 4 Initial Delphi Survey 
1. Please tick wl-dch sector of industry you work in or define your industry if it is not showrL 
Industrial 
Agro-food 
Chemical 
Construction 
Electronic Equipment 
Industrial Machinery 
Measuring, Analysing & Controlling Instruments 
Metal Products 
Mining/Quarrying 
Paper Products 
Petroleum Refining 
Plastics 
Primary Metal 
Rubber -* 
Stone, Clay, Class & Concrete Products 
Textiles 
Transportation Equipment 
Wood Products 
Others 
Retailer 
Wholesaler 
Restaurant/Hotel 
Finance 
Real Estate 
Personal Service 
Business Service 
Recreation Serivce 
HealthSerivce 
Lzgd Service 
Educational Service 
Public Administration 
Government Department 
NameOthers 
Please tick your current work position or define your title if it is not given. 
Company Education Others 
Managing Director Dean Researcher 
Chairman Professor Inventor 
Marketing Director Lechurer Scientist 
Technical Director Head Teacher Editor 
Financial Director Teacher Media Director 
Personnel Director Name Others M. O. D 
Marketing Manager Union Official 
Technical Manager Self Employed 
Personnel Manager Name Others 
Engineer 
Marketeer Professions 
Financial Assistant Medical Doctor 
Personnel Assistant LAwyer 
Name Others Solicitor 
Barrister 
Accountant 
H Judge 
Member of Parliament 
Name Others 
3. Please tick which turnover/sales level per year your company achieves. If your work 
place is a subsidiary or division of a large company please indicate the holding company's 
turnover as well if possible. 
Company Parent Company 
<Elm 
Elm to ESM 
Esm to Elom 
ElOrn to E20rn 
E20rn to E50m 
> C50m 
Not known 
Not Applicable 
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Does your job or company undertake business in countries outside of the UK? 
Yes 
No 
If yes, please name the country(ies): - 
5. Please tick which sectors of industry or research the majority of your work/company's work 
is derived from? 
IndustrW 
Agro-food 
CIW=d=l 
Construction 
Electronic. Equipment 
Industrial Machinery 
Measunng, Analysing & ControIling instruments 
Metal Products 
Mining/Quarrying 
Paper Products 
.- PetroIeum Refining 
Plastics 
Primary Metal 
Rubber 
Stone, Clay, Class & Concrete Products 
Textiles 
Transportation Equipment 
Wood Products 
Others 
Retailer 
Wholesaler 
Restaurant/Hotel 
Finance 
Insurance 
Real Estate 
Personal Service 
Business Service 
Recreation Serivce 
Health Serivce 
Legal Service 
Educational Service 
PublicAdministration 
Government Department 
NameOthers 
6. Please complete the second box with regard to areas you consider yourself an expert 
(including personal interests) indicating on the scale by a= the level of expertise (I being 
poor knowledge, 10 being the highest possible knowledge). 
The first box is an example of how to complete the second box. (It is not compulsory to fill all 
the 4 rows) 
1 2 3 4 5 6 7 10 
Dust Control 
Marketing 
Noise Control 
Dog Breeding 
10 
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Please describe possible areas you wish to see being researched in this study, from your owr 
field or outside of iL 
8. Please give the title, name, position held and ad#ess of any other respondent you believe wiL 
be able to contribute to this research. 
Title 
Name 
Position 
Address 
9. If your contact title, name and/oraddressis/are incorrect on your letter please put the correct 
I address below. - 
Tide 
Name 
Position 
Address 
Thank you very much for completing this questionnaire. 
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Appendix 5 Letter that accompanied First Questionnaire 
Regd. no. 314592 ENGLAND 
T LEICESTER (0533) 696161 
TELEX 342409 DUST G 
FAX (0533) 693028 
Your ref. 
Our ref. 
Date 
Dear May 17th 1991 
Thank you for indicating your interest in this research by returning the 
selection questionnaire. The report from the collated questionnaires should 
arrive shortly, if it does not do not hesitate to contact me. 
The first questionnaire which is enclosed, was constructed using prior 
research and some of the areas suggested in the selection study. Not all of 
the areas were used as they appeared too specific for this stage of the Delphi 
model, however they may arise later if that is the way the project progresses. 
The format of the first questionnaire is unique as it adopts an interactive 
style. This will hopefully result in creative individual answers that can be 
collated and hopefully generate additional suggestions in the next round. 
Each section begins with statements relative to the topic, this is followed by 
a few questions associated with your present situation. There are then 
questions regarding predictions with example answers that explain the 
methodology. The final part is free-format to appropriate all the ideas you 
have on each topic. This Aection determines the direction of the research and 
is the basis of the Delphi technique. Please include any additional aspects 
which you feel to be important or indeed any comments you think to be 
appropriate. 
The subject area is large and therefore you may feel that certain questions are 
not relevant to yourself. If this is the case, in order that the research 
concludes satisfactorily I must stress the importance of giving your judged 
opinions to these questions where possible. 
I thank you in anticipation of your assistance and look forward to receiving 
your reply. Do not hesitate to contact me if you have any difficulties, on 
0533 696161 x259. 
Yours sincerely, 
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Appendix 6 Letter that accompanied Initial Survey Results 
dust control equipment 
DCE GROUP LIMITED 
Humberstione Lane Thurmaston 
LEICESTER LE48HP fRegd. office) 
Regd. no. 314 592 ENGLAN D 
WaS LEICESTER (0533) 696161 
TELEX 342409 DUST G 
FAX (0533) 693028 
Your ref. 
Our ref. 
Date 
May 20,1991 
Dear - 
You should have recently received your first questionnaire, if you have not 
or you have any problems with it please contact me on 0533 696161 x259. 
The enclosed Selected Panel Report is an analysis of the returned Selection 
Surveys chosen to be members of the Delphi Panel. The results indicate that 
an evenly distributed panel has been selected. This should result in a 
consensus that has a higher probability of proving accurate in the future thar 
the prediction of an individual or a single area of expertise. 
I hope this report together with the questionnaire stimulates you to continue 
participating in this very current and exciting research area. Again I will 
stress that even if you cannot answer all the questions please return the 
questionnaire. 
I look forward to receiving your questionnaire and thank you for giving your 
time for this research. 
Yours sincerely, 
Lynn Edwards. 
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Appendix 7 Reminder Letter 
dust control equipment 
DCE GROUP LIMITED 
Humberstone Lane Thurmaston 
LEICESTER LE48HP (Regd. office) 
Regd. no. 314592 ENGLAND 
'& LEICESTER (0533) 696161 
TELEX 342409 DUST G 
FAX (0533) 693028 
Your ref. August 16,1991 
Dear Our ref. 
Date 
The majority of the first questionnaires for my Delphi research have been 
forwarded, however my records indicate that I have not received your copy. 
The analysis of this round is imminent, I therefore ask you to complete as 
much of the questionnaire as you are able and return it as soon as possible. 
If you did not receive a questionnaire or have mislaid it please do not 
hesitate to contact me for a copy, on (0533) 696161 x259. 
I thank you in anticipation of receipt of your questionnaire. 
Yours sincerely, 
Lynn Edwards. 
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Appendix 8 First Questionnaire 
Recycling of Materials and Products 
During 1988/1989 4.5 million tonnes of "hazardous" waste was generated by Industry in 
England and Wales. Within this period only seven percent of this waste was treated to be 
reused, eighty three percent was disposed of in landfill sites, eight percent at sea and two 
percent incinerated. As these other methods decline recycling will increase, Germany, Japan 
and the USA have predicted recycling market volumes of : C4,762 billion by the year 2005. 
The following examples are of industries that already recycle materials. 
The British paper industry consumed 2,847,000 tonnes of recycled paper in 1990, this was 
fif ty three percent of the total raw materials used. During 1990 367,000 tons of 
polypropylene was recycled, this was ten percent of Western Europe's total output of 
polypropylene. it is estimated that seventy percent of a Western Europe 9,917,000 ton 
polypropylene market will be recycled by the year 2005. 
Does your place of work or does your research involve recycling of waste materials or 
products? 
Yes 
No If no, please go to Q3. 
If yes, please define what materials are recycled? 
2 Please define what is produced by recycling the materials given in question 1, please 
answer next to the relevant description. 
By-products 
Raw materials 
The same end-products 
229 
3 What materials, products or by-products do you consider could be successfully recycled, 
please answer even if current resources are not available for the project. Could you please indicate whether your answer is derived from your experience as a company employee, a 
research or a personal capacity. 
Materials/Products/By-products ll. 
_Company/Research/Personal 
11 Comments 
Examples: 
Plastic carrier bags Personal 
PTFE filter elements Company 
4 What do you or your organisation consider the main advantages to be gained from 
! ecycling? Please indicate whether these have a high or low priority, stating whether this 
is based from experience as a company employee(C), researcher(R) or personal capacity(P). 
Prod uct/Material Advantages High Priority(l) - Low 
Priority(4) 
(1) (2) (3) (4) 
Example: Reduced quantity of raw material 
now needed to be purchased. 
PTFE Econon-dc effects 
Environmental effects 
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5 For what reasons would your organisation or area of research start recycling the materials, 
products or byýproducts stated in Q4. Please rank in order until answers are irrelevant, I 
being the most important reason. 
Example 
: PTFE 
Legislation of quantity disposed. 
Cost of disposal too high. 
Cost of raw materials too high. 
Process techniques available at the right 
price. 
Reduced availability of raw materials 
Please name others: 
6 Please comment on any aspect of recycling of materials and products. Headings have been 
. given as 
initiations. 
Strategic/Corporate Issues 
Personal 
Economic 
Environmental 
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Global 
Moral/Ethical 
I 
Research 
Others 
Recycling/Recovery Processes & New Materials 
The optimal position with regard to waste products is the "closed-loop" production process. 
This is when all wastes are recovered and treated as part of the manufacturing process. The 
wastes are either returned to the process to produce the end-product or developed Into by- 
products or raw materials. 
This area of quality and process optimisation (closed cycle) is a growth market. In the USA 
there are presently 4,500 businesses active in the area of environmental technology. The 
1990 USA market for this market is E53 billion, by the year 2000 it is predicted to be jE93 
billion. 
The table below indicates possible circumstances when internal/external recycling and 
process optimisation will be feasible over waste disposal. 
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It is predicted that up to the year 2010 technological pressure, the potential for 
environmental technology and creation of jobs are strong reasons for new materials to be 
developed. 
1 Does your organisation or research area have its own recycling process? 
Yes 
No 
If yes, please describe the process that is used. 
2 Within your organisation or research area what is the approximate current and possible 
future levels of expenditure in the following areas? (NB This wiU not be used as a direct 
lead-in by DCE Ltd. ) Please give answers in COOO. 
II 
Recycling research 
Recyding (extemal) 
Recyding (intemal) 
Recycling Process 
3 What reasons would lead to the change from current manufacturing processes to a closed- 
loop optimal production process. Please indicate whether your answer is based upon your 
experience as a company employee, researcher or personal capacity. Please rank your 
answers until they are irrelevant, 1 being the most important. 
Rank U Being 
Most Important) 
Company/Res- 
earch/Personal 
Opinion 
Legislation to reduce quantity of waste disposal. 
Cost of external recycling too high. 
Cost of waste disposal too high. 
Cost of raw materials too high. 
Cost of process optimisation low enough. 
Technical ability to optindse process. 
Reduced availability of raw materials. 
Please name others or comment on above: 
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4 Within your organisation, research or personal view what new materials or new uses of 
available materials do you predict being used that are more environmentally acceptable 
than present ones. 
New Material Replaced Material 11 Comments 
Example: Farm Manu7re 
I Vehicle fuel 
5 Please comment further on optin-isation processes and new matexials. Headings have been 
given as initiations. 
Economic 
Strategic/Corporate 
Research 
Environmental 
Personal 
Logistics 
Ethical/Moral 
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Others 
Domestic Environmental Issues 
Environmental issues arose in the domestic market due to public demand and to some 
extent marketing tools used to emphasise the benefits of "environment friendly"and "green 
products". The products include organic food, recycled carrier bags, less harmful washing 
powders, bottle banks, etc. 
At present there are still relatively few people recycling and purchasing "green products". 
There are many arguments to explain this, one is that the "green products" are too 
expensive, another that consumers are often ignorant and apathetic towards environmental 
issues. Recycling household waste has sindlar arguments to these together with the 
convenience and knowledge of local deposit sites. 
Legislation is currently only applicable to organisations that employ people, therefore 
households do not legally have to protect themselves against pollutants or the emissions 
derived from the house. There are many examples of these precautions not being taken, for 
example dust from DlY work, incineration/disposal of solvents, the appliance of poisons, 
etc. 
1 Which of the following do you recycle from your household? 
Newspapers 
Aluminium Cans 
Glass Bottles 
Please Name Others: 
2 Why do you believe the general public do not recycle household waste? Please rank the 
answers untfl they are irrelevant, I being the most important reason. 
Inconvenience of deposit sites 
No monetary reward for recycling 
Ignorance 
Apathy 
Please name others: 
3 Do you believe the general public require protection from dust when completing Dly 
work? 
. ..... . 
Yes 
No 
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4 BMW have now developed the totally recyclable car, can you plcase state any other 
domestic products that may be recycled in the future. Please indicate whether this is 
answered based on your company, research or personal opinion. 
Product Compa y/Researdi/Personal Opinion Comments 
Exwnple: Wooden Fun-dture P-emný 
5 Please comment further about domestic environmental issues. The headings have been 
given as initiations. 
MoralsfEthics 
Environmental 
Economic 
Legislation 
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Personal 
Health 
Global 
Offiers 
Pollution Control 
For 120 years there has been regulation, government inspection and enforcement in 
industrial air pollution which has meant that "air" has become the focus of industrial 
pollution. However the Environmental Protection Act has increased the legislation with 
regard to water and noise pollution. 
Dust control companies manufacturing equipment to reduce or eliminate dust particles from 
the internal working environment have been established in Europe since the 192(Ys. This 
has resulted in high degrees of knowledge about dust and the methods of controlling it. 
The new legislation has increased the market for dust control equipment, it is estimated by 
the year 2010 the Western European market will be U-6 billion. Water treatment is also a 
growth area due to the increased legislation, the Western Europe market is estimated to be 
01 billion by the year 2000. 
Both water and air pollution control/treatment equipment is usually at the end of a 
manufacturing process. The optimum method of eradicating pollutants is to avoid pollution 
by developing new processes that remove them at source. It is reported that there will be 
a shif t in industry toward an integrated environmental protection with regard to water with 
the goal of "waste water-free systems". 
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I Could you please give a brief description of the methods of controlling pollution that you 
are currently aware of. 
Air Pollution: Example, Fabric filter dust collectors, Wet scrubbers, Electrostatic 
precipitator, Cyclones. 
Water FoUution: 
Noise Poflution: 
2 Within your organisation or research area what is the approximate current and posible 
future levels of expenditure in the following areas? (MB This will not be used as a direct 
lead-in by DCE Ltd). Please give answers in COOO. 
Air Pollution Research 
Air Pollution Equipment 
Water Pollution Research 
Water Pollution Control 
Noise Pollution Research 
Noise Pollution Control 
Name Other Expenditure Concerned with Pollution: 
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3 For what reasons do you believe that organisations purchase pollution control equipment. 
Please rank in order until the answers are irrelevant, I being the most important reason. Could you also please explain whether your answer is based on your company, research 
or personal opinion. 
Reasons Rank (1 being Company/Research Comments III 
most . mportant) /Peisonal Opinion 
Legislation 
To protect employee health 
To protect environment 
To reclaim materials 
Please name others: 
4 Could you please define areas that you believe do not have sufficient measurement systems 
to assess pollution errdssion levels. If possible could you suggest possible measurement 
systems. 
5 Transportation systems cause many poflutants, for example, exhaust fumes, fuel 
consumption, land usage ie the space used by roads, rail, etc and the environmental 
consequences of construction of roads, etc such as dust. Could You please suggest 
developments of future transport systems that wiU be more sensitive to the environment. 
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6 Please comment on any aspect of pollution control. Headings have been given as 
initiations. 
Strategic/Corporate Issues 
Enviromnental 
Research 
Economic 
Personal 
Moral/EUtical 
Others 
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Waste Disposal 
Annual production of controlled waste in the UK is over 78 million tonnes, one third of 
which is from industry and commerce. The cost to dispose of this waste is currently E3 
billion, this is estimated to double to over V billion by the end of 1992, not allowing for 
any increase in volume of waste generated. 
Landfill and sea dumping are becoming more infrequent due to the lasting effects to the 
environment and that space is no longer available for landfill projects. The few sites that 
are available are beginning to charge exorbitant fees due, to their scarcity, it is estimated tI hat 
these will increase by 15% per annum throughout the 1990's. These factors have lead to 
alternative methods of disposing, such as incineration and storage containers until a 
suitable method is developed. 
I Can you please estimate when you believe the following disposal methods will cease? 
1995 2000 2005 2010 Never 
U dfiU F] LE E] 
Dýphg at Sea 
Eý: 
2 The major problem with incineration is the emission of air pollution from the products 
being disposed of and the method being used. Can you suggest any methods of controlling 
or elin-dnating these pollutants? 
3 What reasons do you believe wiU reduce the incineration of waste? Please rank in order 
until the answers are irrelevant, I being the most important reason. Could you also define 
whether your answer is based on your company, research or personal opinion. 
Reasons Rank (I being most important) Company/Research/ 
Personal Opinion 
Legislation 
Public Pressure 
Employee Pressure 
A cost effective alternative 
disposal method is developed 
Please name others or 
comment on above: 
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4 Within your organisation or research area what is the approximate current and possible 
future levels of expenditure in the foUowing areas? rlease give answers in COOO. 
1 20 
Waste Disposal Research Is 
aste DLSJ t Waste Disposal ISI 
P Please Nam Is 
LE 
Please Name Other Expenditure 
5 Please con-unent on any aspect of waste disposal. Headings have been given as initiations. 
Research/Technology 
Strategic/Corporate Issues 
Economic 
Moral/Ethical 
Personal 
Envirorunental 
Others 
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General Environmental Issues 
17he following areas axe related to environmental issues but do not appear to fall into the 
previous topics. Could you please comment on the topics and add any further remarks 
regarding any aspect you believe to be relevant to this research. 
I Odours often have greater annoyance levels than other pollutants because of the nose being 
the most sensitive of the human senses. Some of these odours have not been proved as 
medically harmful, such as cooking smeUs. Others, for example cigarette smoke,,, as well 
as being unpleasant for the non-smoker is also a health risk. However there is no legislation or advanced technology to elin-dnate odours. 
2 The Environmental Protection Act states that the list of prescribed substances that need to 
be eliminated or reduced to a minimum have to be completed using the best available 
technique not entailing excessive cost (BATNEEC). The best available techniques to reduce 
acid gas emissions from power stations over 5OMW is by selective catalytic reduction (SCR) 
units. These reduce the emissions by 80% to 90%, which is far better than the levels set by 
the British government. The British government favour flue gas desulphurisation which 
is three times lower in cost than SCR but the emissions are only reduced by 40% to 50%. 
3 Scientists are indicating that the future waste products will be elin-dnated by genetically 
modified organisms. 
4 Do Western countries have the right to stop other less developed countries evolve to their 
standard. Would it be possible to support these countries by investing resources in order 
that the environment can be protected? 
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5 In order that pollution and waste is eliminated or reduced to an acceptable standard will 
govenunents have to support research and implementation. 
6 Other comments 
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Appendix 9 Second Questionnaire 
SECOND DELPHI QUESTIONNAIRE 
Domestic Issues 
Recycling 
I Could you please state whether there are collection /deposit sites available for the 
following products. If there are not, could you please predict when you believe they 
will be available. 
N. B. For all of the questions No Conunent also refers to Do Not Know or Not 
Applicable. 
Yes No By 
1995 
By 
2000 
1 By 
2005 
2005+ Never No 
conunent 
Textiles/clothýý 
Tin cans 
Cardboard 
Plastic bottles 
Oil(motor/cooking 
/lubricafingL___j 
2 Do you know of a commercial product now available to contain waste in segmented 
compartments in order that sorting prior to recycling is simplified. If there is not, 
could you please predict when you believe such a product will be available. 
Yes No By 1995 By 2000 By 2005 2005+ Never No Comment 
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3 When do you envisage refuse lorries having compartments for different waste in order 
that sorting can be completed prior to recycling/incinerating? Please tick one box. 
By 1995 By 2OW By 2005 2005+ Never No Coffment 
4 Could you please indicate whether there are aluminium/tin can crushers (similar to 
paper/cardboard crushers) available commercially at present for the domestic market. 
If not, please indicate when you believe such a product will exist. 
Yes No By 1995 By 2000 By 2005 2005+ Never No Comment 
5 Do You believe legislation will be introduced in the following areas? 1f yes could you 
please predict by which year by ticking the relevant box. 
No Yes By 1 By By 2005+ 1 Never No 1 
1995 2000 2005 conunent 
General public enforced to 
recycle waste 
General public enforced to 
dispose of waste safely 
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6 Please state if the following products are currently being recycled? If the technology is 
not presently available, please indicate by which year you believe it will be. The 
percentages represent the percentage of the total product that you believe is being or 
will be recycled. 
Please suggest other products that might apply and complete the details in the boxes 
provided. 
M Yes No By By By 2005+ Never No 
1995 2000 2005 comment 
"White" <50% 
d t pro uc s- 
Fridges, 50%-75% 
freezers, etc 76%-100% 
Televisions <50% 
. 50%-75% 
76%-100% 
Batteries <50% 
50%-75% 
76%-100% 
<50% 
50%-75% 
76%-100% 
<50% 
50%-75% 
76%-100% 
7 The First Questionnaire results indicate that economic benefits will encourage more 
recycling. A method for doing this is to have a deposit and refund system so that when 
an alun-dnium/tin can, plastic or glass bottle is deposited money is automatically 
returned. How much extra would you be prepared to pay as a deposit for the return 
of the following containers? 
10p 25p 50p I 75p 75p+ None No comment 
Tin cans 
Alun-dnium cans 
Plastic bottles 
Glass bottles 
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Air Pollution 
8 If you complete DIY work that causes dust which of the following is applicable to you? 
(Including the maximum price you would pay) 
Maximum Price W 
Buy dust control equipment 
Hire dust control equipment 
Use a mask and goggles 
Buy an extractor fan 
Nothing 
Please name any other DIY products that are hazardous (not just dust problems). 
General 
9 Please predict when you believe companies /products that do not consider 
environmental issues will not survive? 
By 1995 By 2005 By 2015 By 2025 By 2035 By 2045 2045+ Never No comment 
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Industrial Issues 
Recyding 
10 Please state if the following products are currently being recycled? If the technology is 
not presently available, please indicate by which year you believe it will be. The 
percentages represent the percentage of the total product that you believe is being or 
will be recycled. 
Please suggest other products that might apply and complete the details in the boxes 
provided. 
M Yes No By 
1995 
By 
20W 
By 
2005 
2005+ Never No 
comment 
Computers 
M% - 75% 
Print 
cartridges 
76%-100% 
<50% 
50%-75% 
76%-100% 
<50% 
50%-75% 
76%-100% 
<50% 
50%-75% 
76%-100% 
249 
11 The First Questionnaire concluded that the five statements listed in the table are the 
main reasons for recycling. For each product/material given, could you please indicate 
the year that recycling will be widespread with regard to each statement. 
By 
2005 
2005+ Never No 
comment 
Paper 
L. egislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process techniques for internal recycling 
become available at the right price 
Rubber 
Legislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materiab become too high 
Reduced availability of raw materials 
The process techniques for internal recycling 
become available at the right price 
Textiles/fibres 
Legislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process techniques for internal recycling 
become available at the right price 
Class 
L. egislation of quantity dispose& from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process techniques for internal recycling 
become available at the tight price 
Solvents 
Legislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process tedu-dques for internal recycling 
bewme available at the right price 
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11 Continued: - 
y By 
2005 
2005+ Never No 
comment 
Metals 
Legislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process techniques for internal recycling 
become available at the right price 
Oil 
Legislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process techniques for internal recycling 
become available at the right price 
Plastic 
Legislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process techniques for internal recycling 
become available at the right price 
Aluminium cang 
Legislation of quantity disposed from a business 
Cost of disposal becomes too high 
Cost of raw materials become too high 
Reduced availability of raw materials 
The process teclu-tiques for internal recycling 
become available at the right price 
Waste Disposal 
12 Could you please state whether there is legislation for the maximum allowable quantity 
of waste disposed from individual businesses? If not can you please predict by which 
year you believe it will be introduced. 
Yes No By 1995 By 2000 By 2005 2005+ Never No comment 
If your answer refers to a particular industry please specify the industry and the type 
of waste: - 
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i 
Incineration 
13 As legislation becomes strider with regard to the emissions from incinerators, the 
incineration market will change. Could you please express your views about the following statements by ticking one of the boxes for each statement. 
Numbers of, Close- Remain the Increase No 
11 
down same the number comment 
Internal boilers/incinerators in 
compai-des/hospitals/schools/etc 
External incinerators for. 
Industrial waste 
Household waste 
Sewage sludge 
They wW need re-equipping/equipping with air pollution control methods. 
14 Please state if the technology is available to undertake the following? If it is not, could 
you please predict when you believe the technology will be available, by ticking the 
year. 
By By By 2005+ Never No 
1995 2000 2005 conunen t 
Incineration of sewage 
sludge to form an energy 
source 
Incineration of rubber 
Incineration of rubber to 
form an energy source 
Landfill gases used as an 
energy source 
Incineration of solvents 
' ncineration of plastics to 
form an energy source 
Air Pollution 
15 Please tick when you envisage pollution control to be an integral and inseparable part 
of the production process. 
It is currently By 1995 By 2000 By 2005 2005+ Never No comment 
If your answer refers to a particular industry please specify: - 
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16 Could you please state whether heat exchangers are commercially available for 
ventilated air, reheating in the winter and cooling in the summer. If they are not could 
you predict when they will be available, by ticking a year. 
Yes No By 1995 By 2000 By 2005 2005+ Never No comment 
Closed-process 
17 The First Questionnaire provided the following reasons why industries will move from 
their present production systems to a closed-process, Le. waste being elin-dnated or 
reduced by recovery and reuse of it within the production process. Could you please 
indicate by which year you believe this will occur, with regard to each statement. 
By 1995 By 2000 By 2005 2005+ Never No comment 
The cost of waste disposal 
becomes too high 
The cost of raw materials 
become too high 
Process optimisation 
technology becomes 
available at the right price 
Reduce the quantity of 
waste 
If your answer refers to a particular industry can you please specify: - 
Research & Technology 
18 Could you state whether plastics are being developed so that they can be 
recycled/ incinerated more effectively and less harmfully. If this is not currently 
occurring can you please predict when it will, by ticking a year. 
Yes No By 1995 By 2000 By 2005 2005+ Never No comment 
I- III-IIIII 
19 When do you believe electronic data will totally supersede transferring of inforrnation 
by paper? 
By 1995 By 2000 By 2005 2005+ Never No comment 
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Environmental Engineering 
20 When do you believe environmental engineering will be widespread, with regard to 
products being designed so that they can be recycled? 
By 1995 By 2OW By 2005 2005+ Never No comnwnt 
IIIII1 :1 
21 Do you envisage tax incentives, preferential interest rates, etc. being given to encourage 
capital expenditure on environrmntal research, products, production processes, etc. if 
yes, please tick by which year. 
No Yes By 1995 By 2000 By 2005 2005+ Never No comment 
III-IIII- 
-- 
1 -1 
22 The Department of the Environment are encouraging companies to carry out 
environmental audits as part of the organisation's corporate strategies, do you believe 
these will be completed throughout industry in the future? If so please tick by which 
year. 
No Yes By 1995 By 2000 By 2005 2005+ Never No comment 
If your answer refers to a particular industry please specify: - 
Thank you for completing this questionnaire. 
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Appendix 10 Final Questionnaire 
Domestic Issues 
FINAL DELPHI QUESTIONNAIRE 
I In the Second Questionnaire many stated that there are deposit/collection sites for the 
following domestic wastes. Could you please tick which of the following apply to you 
with regard to the method of collection for each type of waste. 
None 
known 
Deposit 
Skip 
Charity 
Collection 
Name other collection methods 
Textiles/clo, thes 
Tin Cans 
Cardboard 
Plastic Bottles 
Oil 
2 Thirty one percent said there is a commercial product available to contain segmented 
domestic waste at home prior to recycling. Could you possibly provide the name of the 
company who manufacture and/or sell this product? 
3 Forty six percent said there is a tin/alun-dnium can crusher commercially available for 
domestic use. Could you please provide the name of the company who manufacturer 
and/or sell this product? 
Industrial Issues 
4 How many of the following incinerators that are in operation are known to you? 
Numbers 
_Municipal 
household waste incinerators 
_L. 
arge industrial waste incinerators 
Sewage sludge incinerators used to produce energy 
Rubber incinerators used to produce energy 
Plastic incinerators used to produce energy 
Undfill gas collectors used to produce enerU 
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5 Could you please nairne the type of heat exchangers best known to you that are used in industry and rate their performance in the given situations. 
Operation Name Type(s) Efficiency (I being 
excellent, 5 being poor) 
rHeating 
ventilated air 
I 
F2 134 
5] 
F-I I 
Cooling ventilated air 
6 When do you envisage in ideal process where there is no waste or much reduced waste 
to the present situation within industry. (Waste refers to all waste including air and 
water pollution). 
By 1995 By 2000 By 2005 2005+ Never No Comment 
7 When do you believe paper use will be reduced to 25% of the present level due to the 
increase of electronic data transfer. 
By 1995 By 2000 By 2005 2005+ Never No Comrrwnt 
8 Do you envisage envirorunental audits to be completed: - 
Internally Please tick which will be the case in the 
majority of situations. 
Externally 
If You ticked externally who will complete them in the majority of cases? 
Specialised Consultants 
Government Institutions 
PoUution Control Companies: - Air 
Water 
Noise 
Name Others 
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Referring to the copy of the Second lDelphi Questonnaire and the Report could you please tick 
whether you agree with the findings totally (1) through to (5) andany ftu-ther comments. N. B. 
The question numbers refer directly to the Second Questionnaire. 
Domestic Issues 
Recycling 
1 
Totally Agree(l) (2) (3) (4) Do Not Agree(S) 
F7 IIIFI 
Comments 
2 
TotaUy Agree(l) (2) (3) (4) Do Not Agree(5) 
Corrunents 
3 
TotaUy Agree(l) 
Conunents 
TotaUy Agree(l) 
(2) (3) Do Not Agree(5) 
Conunents 
5 
TotaUy Agree(l) (2) (3) Do Not Agree(5) 
Conunents 
6 
Totally Agree(l) 
Conunents 
7 
TotaUy Agree(l) 
Coffunents 
(3) Do Not Agree(5) 
(3) (4) Do Not Agree(5) 
Do Not Agree(5) 
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Air Pollution 
8 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
Comments 
General 
9 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
F- 
Comments 
Industrial Issues 
Recycling 
10 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
- F- I -I I I I 
Comments 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
Comments 
Waste DisPOsaI 
12 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
Comments 
Incineration 
13 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
Comments 
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14 
Totally Agree(l) (2) (3) (4) Do Not Agree(S) 
I- I-I-I 
Conunents 
Air Pollution 
is 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
I- -I I-- I 
Conunents 
16 
Totally Agree(l) (2) (3) (4) Do Not Agree(S) 
Comments 
Closed-process 
17 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
F- 
Comments 
Research and Technology 
18 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
Comments 
19 - 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
F- 
Comments 
Environmental Engineering 
20 
Totally Agree(l) (2) (3) (4) Do Not Agree(5) 
............... ........... ....... . ........ F- 
Comments 
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21 
TotaHy Agree(l) (2) (3) (4) Do Not Agree(S) 
Comments 
22 
TotaUy AgrWl) (2) (3) (4) Do Not Agrft(5) 
IIIIII!, I 
Conunents 
Could you please tick a box to indicate what level of interest this research has been to you? 
Very Interesting Not at AR 
Please make any final conunents 
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Appendix II First Questionnaire Report 
Introduction 
The results from the first questionnaire have been analysed and reported hwlow. '1*11(ý 
conclusions have been used to construct the second questionnaire. The report begins by 
addressing general issues that arose throughout the questionnaire and continues by reporting 
more specific areas. 
Attitudes 
The main issues to overcome before the mass population begin to protect their environment, 
are attitudes. In the Western World the attitude towards consumption and waste has 
changed as the society has become more affluent since the Second World War. The majority 
of the population have been encouraged to increase consumption of products ranging from 
food to cars, fridges, TV's, etc. and not to worry about the waste as that is the problem 
of someone else. This attitude is at such an accelerated stage, that the Japanese 
manufacturers of consumer goods now have teams of engineers developing products with 
vital integral parts that all fail together, rendering the repair too expensive. The complexity 
of waste problems is depicted in packaging. There often appears far too much packaging, 
however due to the distribution channels that products have to pass through it is vital to 
protect them from contamination and damage. This is just one of the problems faced by a 
population moving from a self-sufficient society to a dependent society. 
As shown below in Figure 1, apathy appears to be the major reason why the general public 
usually do not recycle household waste. The views of a society who depend on others to 
tackle their problems arise, such as, "It's not my responsibility", "It doesn't effect me", "My 
small contribution won't make a difference". In order to change these attitudes there needs 
to be more education to inform about the problems of waste and the methods of reducing 
it, such as recycling. This will lead to the understanding that although one individual 
cannot make a difference, on mass the problems of waste, use of limited resources, etc. can 
be tackled. 
Reasons, why the Tneral 
hublic 
do not 
genral y recyde ouse old waste. 
EM 
Storage Diffiýlties 5 lAkist Important 
Apathy 3 
Ignorart- I Most hWnam 
No monetary reward for recycling 
Inconvenience of deposit ýitft 
1 10 12 14 
N 1-ol K-1-n- 
Figure 1 
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Company attitudes towards environmental issues do appear, to be changing with an 
increasing number of environmental policies, objectives and strategies being developed. 
However quotes such as the following do question whether the subject is just being given 
lip-service, ".. appearing green", 'We comply by the rules", "We want facts rather than 
beliefs", 'The benefits must be clearly definable and preferably quantifiable", "Green 
strategy - yes, implementation? ". However many companies are becoming aware of the 
competitive edge often gained by implementing environmental strategies, the improved 
quality and reduction in costs that can occur. 
For both the general public and companies/organisations, education is the superior method 
of changing attitudes, unfortunately this takes time. The only methods that seem to work 
when time is limited is by enforcing situations by law and/or ensuring economic advantages 
are gained by acting in a certain way, both issues are expanded below. 
Economic Issues 
It appears that generally people desire to buy environmental products but are 
not prepared to pay premium prices. It was suggested in order to increase recycling 
monetary incentives must be given for all wastes from glass bottles to old computers, 
"white" products and even cars. 
The number of suppliers of materials/products is vastly less than the number of consumers, 
it would therefore be logical to address the supplier-side first. At present there are a lack 
of markets for reclaimed materials and therefore the costs of recycling often outweigh the 
value gained from the resultant material /product. As well as monetary costs, recycling 
must not use more energy or cause more pollution than using raw materials. 
Recycling technology, optimisation of processes and pollution control are available in most 
fields however there is always a balance required between capital cost and revenue savings. 
To encourage more expenditure in these areas, tax incentives, preferential interest rates and 
similar economic tools are suggested. 
The largest expenditure is currently on pollution control, then waste disposal and finally 
recycling. It is predicted that expenditure will increase in pollution research and internal 
recycling processes, this confirms the move from control of the problem at the end of the 
process to a closed-loop production system. 
Legislation 
It was suggested that legislation should be introduced in order that the general public and 
companies that do not recycle or dispose of waste safely should be penalised by fining. For 
any legislation to work it has to be enforceable, in this case it would mean giving power 
to the general public to complain about abusers of the law at the same time ensuring 
confidentiality when necessary. For this to be successful attitudes have to change in order 
that individuals feel responsible to undertake such actions. 
The business viewpoint indicates that there is a need for uniformity of legislation with strict 
rules so that'imports conform to the UK environmental manufacturing laws. 
The three tables below indicate that legislation will be the main reason for companies to 
purchase pollution control and to change the current manufacturing process to a dosed-loop 
process. Although legislation was given as the main factor for reducing incineration, in fact 
legislation will be used to reduce the pollution emitted from incinerators. This will ensure 
the continued use of incineration to recycle or dispose of waste. 
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Table 3 Reasons that will lead to the reduction ot waste incineration. 
The figures in the first shaded column represent the number of respondents, the figures in 
the second column are the weighted rank (i. e. the higher the number the higher the 
significance of the answer. 
I Reasons Rank, 1 most important, 4 least 
important 
12 
11 
34 
Legislation 8 32 5 15 316111 
Public pressure 288 24 4822 
Employee pressure 48 10 10 
A cost effective alternative method developed 8 32 4 12 48 
Waste minimisation and recycling 14 
It will not be reduced 3 12 
5 Health 
All forms of waste disposal and recycling must not jeopardise basic hygiene or lead to 
pollution. Health and risk factors must be shown through education not scaremongering. 
An area that appears to lack sufficient warnings and advice of correct use are DIY products. 
An example of this is the advice on sanders about dust and the associated health risk. As 
shown below in Figure 2,81.5% stated that the general public require dust control when 
completing DIY work. 
Do the general public require duýft 
control when completing MY work. 
Figure 2 
6 Research 
The majority of the respondents believe that the government should finance research into 
environmental areas. However a few thought the government should introduce legislation 
and then the private sector finance the ensuing research. 
Not everyone is convinced about the link between C02 increases and global warming, it 
was stated the mechanisms for C02 absorption are not well understood. 
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Recycling 
Figure 3 on the next page indicates that 54% of the respondents recycle products from their 
place of work. 
The following products/ materials are recycled: - 
Paper, card, glass, solvents, powder paints, process chemicals, computer paper, furnace slag, aluminit 
cans, scrap metal, motor oil, polythene, cooking oil, hardcore, sewage, carbon. 
Does your work pl&ce m-cycle products? 
No (46.4k 
-Yes (53.6%) 
Figure 3 
Figure 4 shows that 20% of the respondents have ... oir own recycling processes at their work 
places, these included sewage sludge, building rubble and oil separation recycling. 
Does your work place have its own 
recyc ling procý 
Yes C20.0%) 
No (80.0'v, I 
Figure 4 
It was stated that recycling will increase when products are designed to be easily recycled. 
Predictions were given that recycling will not increase until the distribution networks ami 
availability of current raw materials start to decline. 
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The main reasons for recycling are shown in Table 4. 
The figures in the first shaded columns represent the number of respOTidetits, the figures 
in the second columns represent the weighted rank (i. e. the higher the nuintvr the higher 
the significance of the answer. 
[ 
Rea-sons Rank, I most important, 4 least 
important 
2 
11 
3 
Cost effects 4 16 7 
1 21 11 22 2 2 
Environmental 13 52 9 27 2 4 2 2 
Reduced waste 6 24 3 9 
Reduced landfill 2 8 1 3 
Energy source 2 6 1 2 
Alternative compost 1 4 
Reduced incineration 1 3 
Reduced oil consumption 2 8 
Valuable resource 2 6 
Company policy 3 12 5 15 
Save petrochemicals 1 4 
Reduced need for raw materials 12 48 2 6 1 2 
Reduced toxic waste 1 4 
Reduced water pollution 1 4 
Lower use of resources 6 24 
Lower dumping of waste 1 4 6 18 
Reduced pollution 5 15 
rltetý; 
n materials to production 
- 
Table 4 
7.1 
The results that follow have been divided into particular products and materials with 
directly related products that are being or could possibly be recycled. 
Products 
It was stated that all products can theoretically be recycled, however not all 
prod ucts /materials are designed to be easily recycled or the resultant material /product 
cannot always be used. In order that recycling can become successful the reasons for 
purchasing products also needs to be comprehended. Figure 5 oil the next page, shows that 
out of the domestic products that are being recycled, the top three are glass bottles, 
newspapers and aluminium cans, all of which are the major accessible deposit sites 
available in the U-K. 
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rigure 5 
Computers 
In todays society computers quickly become out-of-date, it was suggested that they should 
II eCy le 9 7,, be recycled especially the "chips" within them. IBM can apparent ya ready rc 0/ of 
their computers. It appears that there is a demand for recycling computers but no where 
to deposit them. The advantages of recycling would be an improved company image and 
some economic benefit for an otherwise worthless product. 
7.1.2 Laser printer cartridges 
The laser printer cartridge and photocopy cartridge appear large products to throw away. 
Again they could be recycled if there was somewhere to dispose of them. 
7.1.3 '"White" products 
"White" products are domestic products such as fridges, freezers, dishwashers, etc. 
Although scrap dealers do dispose of these products, they are usually only interested with 
the motors for their copper content. 
7.1.4 Batteries 
Some domestic batteries have dangerous chen-dcals and metals in thern and should be 
treated carefully on disposal. Recycling will occur when the costs of the raw materials 
become too high, companies wish to set a good example, the cost of disF)(),;, Il is too high, 
legislation is introduced about the quantity disposed, the process techniques are available 
at the right price and there is reduced availability of raw materials, these answers are giveTl 
in descending order the most important reason first. 
7.1.5 Light bulbs 
This is not referring to recycling light bulbs but the replacement of ordinarv light bulb., 
high efficiency bulbs in order to save electricity. 
7.1.6 Motor Vehicles 
This refers to the BMW concept of being able to separate different metalsan(l plastics ill cars 
in order that they can be recycled. 
200 
7.2 Materials 
7.7-1 Wood and related products 
a Re-formed board 
Wood chips in board can be replaced by straw which will become an abundant resource due 
to legislation being introduced in 1993 to stop stubble burning. 
b Wooden pallets 
Some pallets are reusable. 
Paper 
As technology increases paper use should decline as electronic data is used more frequently. 
This does not appear to have happened as computer paper seems to have exceeded the 
volume of other office writing paper. There are often two problems with recycling paper 
firstly economic, as prices fluctuate and secondly, the paper needs sorting prior to 
recycling. 
The reasons given for why recycling of paper begins are given below, ranked in order, the 
most important first. 
Legislation being introduced on the quantity disposed 
Costs of disposal becon-dng too high 
Costs of raw materials becoming too high 
Reduced availability of raw materials 
Process techniques becon-ting available at the right price 
Somewhere to dispose of the waste 
Environmental reasons 
Reduce the use of natural resources 
Setting a good example 
External pressure 
The advantages of recycling paper are given below, ranked in order, the most important 
first. 
Environmental 
Lower use of resources 
Cost effects 
Reduced need for raw materials 
Reduced volume of waste 
Company image 
Lower the levels of dumping 
Reduce the pollution levels 
Return the materials to the production cycle. 
Cardboard 
Cardboard is a major problem due to the volume produced from packaging. 
e Newspapers 
Newspapers can be recycled to replace virgin pulp when recycled. 
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f Books 
Books were suggested for recyding, the reasons to start recycling and the advantages gained 
from recycling are given on the next page ranked in order, the most important first. 
Books will begin to be recycled when: - 
- The cost of disposal becomes too high 
- The cost of raw materials become too high 
The advantages gained from recycling books are. - 
- Lower the use of natural resources 
- Lower the levels of waste dumping 
7.2.2 Carbon 
Carbon can be recycled, it is used by one respondent to form carbon heat packs for aircraft 
brakes. 
7.2.3 Rubber and related products 
Scrap rubber, rubber mouldings and tyres; can be recycled by shredding and incinerating 
with clean-up waste gas to form fuel and a vast potential energy source. Some rubber can 
be recycled and re-used in production, but tl-ds often cannot occur due to the high grade 
of material required. 
The reasons why recycling will start are given below, ranked in order the first being the 
most important. 
- The cost of disposal becomes too high 
- The process techniques are available at the right price 
- There is a reduced availability of raw materials 
- The cost of raw materials become too high 
- Legislation is introduced for the quantity disposed 
The advantages gained from recycling rubber are given below, the most important first. 
- Reduced volume of waste 
- Environmental 
- Potential source of energy 
7.7-4 Textfles/Fibres 
These include fibre cartons, scrap textiles, clothes and floor coverings, the current problem 
is that textiles need sorting prior to recycling. The reasons why recycling of textiles begin 
are ranked below, the first being the most important. 
- The cost of raw materials becomes too high 
- The cost of disposal becomes too high 
- Legislation is introduced on the quantity disposed 
- Process techniques become available at the right price 
- There becomes a reduced availability of raw materials 
The advantages of recycling textiles are given below ranked in order the first being the most 
important. 
- Cost effects 
- Environmental 
- Lower levels of waste dumping 
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7.2-5 Class and related products 
There seems to be economic problems with glass recycling due to the fluctuating price of 
cullet. The reasons why recycling of glass is started are given below, the most important 
first. 
Legislation is introduced by the quantity disposed 
The cost of disposal becomes too high 
Legislation of quantity disposed is introduced 
Process techniques are available at the right price 
There is a reduced availability of raw materials 
11 
Advantages gained from recycling glass are given below, the most important first. 
Environmental 
Reduced volume of waste 
Lower use of resources 
Cost effects 
Glass is a valuable resource 
Improved company image 
Reduce pollution 
Return materials to the production cycle 
Glass fibre 
Glass fibre can be used to replace asbestos but it does not replace it 100% satisfactorily. 
7 -'2- 6 Metals and related products 
Metals require sorting prior to recycling and fluctuations in metal prices sometimes make 
it uneconon-dc to recycle. The reasons why recycling of metal commences are given below, 
the first being the most important. 
- Legislation introduced for quantity disposed 
- The cost of disposal becomes too high 
- The cost of the raw materials become too high 
- The process techniques become available at the right price 
- There is a reduced availability of raw materials 
- Environmental 
Advantages gained from recycling metals are shown below, the first being the most 
important. 
- Economic gains 
- Company image improved 
- Lower use of resources 
- Return materials to the production cycle 
Specifically for steel, the reason to start recycling was the cost of disposal becoming too 
high. The advantages gained from recycling are the economical and environmental benefits. 
269 
a Aluminium cans 
The reasons for starting to recycle cans differ from those given above for all metals, they 
are listed below, the most important reason first. 
The cost of raw materials becomes too high 
The cost of disposal becomes too high 
Legislation is developed for the quantity disposed 
Process techniques become available at the right price 
There is a reduced availability of raw materials 
Somewhere to dispose of them 
Setting a good example 
External pressures 
Advantages gained from recycling cans are given below, the most important first. 
Lower use of resources 
A reduced need of raw materials 
Company image improved 
A lower level of dumping 
A reduction in pollution 
Return materials to the production line 
7.2.7 Oils 
It was stated that vegetable and synthetic oils can replace natizal oils especially in countries 
that do not have an oil supply. 
Motor Oil 
Motor oil recycling starts for the following reasons, the most important first. 
The cost of disposal becomes too high 
The cost of raw materials becomes too high 
Process techniques become available at the right price 
There becomes a reduced availability of raw materials 
Legislation is introduced on the quantity disposed 
Setting a good example 
The advantages from recycling motor oil are ranked below, the first the most ImportanL 
- Environmental 
- Lower use of resources 
- Company image is improved 
- Reduction in pollution 
- Cost effects 
- Return materials to the production cycle 
7.2.8 Plastics and related products 
Plastics need to be sorted prior to recycling, this is known as polymer tagging, to complete 
this effectively large quantities of plastics are required. Some grades of plastic require virgin 
raw materials, others can be formed from shredded waste plastic. More research is required 
to find more degradable plastics to replace polythene and polypropylene that are safer and 
more environmentally friendly.. 
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Recycling of plastics will start for the following reasons, the first being the most important. 
The cost of raw materials becoming too high 
The degradability 
The cost of disposal becoming too high 
Process techniques becoming available at the right price 
Legislation introduced on quantity disposed 
Reduced availability of raw materials 
Advantages gained from recycling plastics are given below, the first being the mos 
important. 
Environmental 
Reduced oil consumption 
Save petrol chemicals 
Reduced volume of waste 
Reduced incineration 
Cost effects 
a PTFE - Polytetrafluoroethylene 
Recycling of PTTE will start for the following reasons, the first being the most important. 
The cost of raw materials becoming too high 
The cost of disposal becoming too high 
Process techniques being available at the right price 
Legislation introduced on the quantity disposed 
Advantages of recycling are given below, the first being the most important. 
Cost effects 
The reduced need of raw materials 
Environmental 
b Plastic bottles 
Many stated plastic bottles should be replaced with glass bottles and the deposit system of 
being paid back when they are returned reintroduced. Plastic bottles will start to be recycled 
when disposal costs become too high and will give environmental benefits when they are 
recycled. 
Plastic bags 
Plastic bags can be reused effectively as refuse bags. They will start to be recycled when the 
cost of disposal and the cost of the raw materials becomes too high. The advantages of 
recycling are that the use of resources and the level of dumping will be reduced. 
7.2.9 Chemicals 
a Process chemicals 
Process chen-dcals can be recycled and used as nutrients in agriculture. 
b Powder paints 
Powder paints can be recycled and reused as powder paints. 
c Fluorocarbons 
Fluorocarbons will start to be recycled as the cost of disposal and raw materials becomes too 
high. The advantages gained from recycling are the lower use of resources and volume of 
waste dumped. 
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d Calcium sulphate 
This will start to be recycled and have the same advantages as those given for fluorocarbons. 
e Toxic pesticideslinsecticideslfertilizers 
These should be replaced by recycling natural products which would save fossil fuels. 
f Sulphuric acid 
Pressures on related industries may lead to the recovery of the by-product sulphuric acid 
from smelting activities to the exclusion of sulphur burning. 
7.7-10 Solvents 
Solvents can be recycled into reusable solvents and fuel. V 
Recycling of solvents will start due to the following reasons, ranked in order the most 
important first. 
- Legislation introduced for quantity disposed. 
- The cost of disposal becomes too high 
- The cost of raw. materials becomes too high 
- The reduced availability of raw materials 
- Process techniques become available at the right price 
- The degradability 
Advantages of recycling solvents are the economic and environmental benefits. 
More research is required into the development of a closed process for use with most solvent 
containing materials where solvent is currently emitted to the atmosphere. 
7.2.11 Packaging 
Packaging can refer to cardboard, foam, polystyrene and plastic coverings. 
The reasons given for starting to recycle packaging are given below, the first being the most 
important. 
- The cost of raw materials becoming too high 
- Setting a good example 
- The cost of disposal becoming too high 
- Legislation being introduced for the quantity disposed 
- Process techniques becoming available at the right price 
- The reduced availability of raw materials 
The main advantages gained from recycling are environmental and econon-dc benefits. 
72-12 Hardcore/Builders Rubble 
Builders rubble/hardcore can be used to produce soil. Hardcore will start to be recycled 
due to the following reasons, the most important first. 
- The cost of raw materials becomes too high 
- The cost of disposal becomes too high 
- Legislation introduced on the quantity disposed 
- The reduced availability of raw materials 
Econon-dc and environmental benefits are gained from reusing hardcore. 
Furnace slag can be reused as hardcore, it would be used in this way when environmental 
pressures and a process technique is available at the right price. Environmental benefits 
would be gained when furnace slag is used for this purpose. 
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This can be recycled into compost and would be recycled more readily due to the following 
reasons, ranked in order most important first. 
The cost of raw materials becoming too high 
The cost of disposal becoming too high 
Legislation introduced for the quantity disposed 
The reduced availability of raw materials 
Econon-dc and environmental benefits would be gained from recycling household waste. 
7.7-14 Sewage sludge 
As legislation on dumping sewage into water courses increases there is a move to recycle 
sewage to make natural fertilizer or to incinerate it which results in a natural gas. Sewage 
sludge is not going to disappear and the volume produced will not decrease. An advantage 
of local reprocessing at major sewage treatment works and local use of the gas is that 
transportation and fuel consumption will also be reduced. 
Sewage sludge will be recycled for the following reasons, the first being the most important. 
- Legislation introduced for quantity disposed 
- Process techniques becoming available at the right price 
- The cost of disposal becoming too high 
- The cost of the raw materials becoming too high 
- The reduced availability of raw materials 
Advantages gained by recycling sewage sludge are given on the next page, the first being 
the most important. 
- Reduced volume of waste 
- Reduced landfill 
- Alternative compost 
- Reduced water pollution 
- Environmental 
- It is a valuable resource 
- It is an energy source 
A lot of research has been completed on composting/restructuring of sewage sludge, this 
should be liable if the digestion to yield CI-4 is developed. There needs to be more research 
into eliminating the heavy metals and toxic organisms in sewage sludge. Research is needed 
into the chemical aspects of purifying waste sewage. 
7.2.15 Fuels/Energy 
Waste electricity can be burnt to produce energy which would help save coal and oil. 
Landfill gases can also be used instead of fossil fuels, hydrogen or alcohol can be used 
instead of petrol. Solar energy can be used more frequently, especially in countries with 
many hours of sunlight. 
73 Logistics in recycling 
One of the major motivation factors for recycling is the convenience and accessability of the 
deposit sites, both domestically and commercially. 
Recycling would increase if there were more deposit sites for more recyclable products, 
including plastics, textiles, tin cans and cardboard as well as the usual glass, paper and 
aluminium can deposit sites. The next stage would be the development of a multi- 
compartment refuse collection bin and vehicle, which collects waste directly from homes. 
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7.4 Research into recycling 
Recycling research is an area that brings together chemistry, physics and engineering on a 
scale equivalent to the first major exploitation of chemicals and oil. Investment into 
recycling research both nationally and internationally is vital, especially into better 
techniques. More research is required into the motivation methods that will lead to an 
increase in the level of recycling. 
Energy from industrial units is often wasted, more research should be undertaken to re-use 
this energy. Although heat exchangers do exist, education is needed to understand the 
benefits of reusing energy. 
Organisms are used to recycle, however they are very specific organisms to destroy very 
special hazardous materials. 
8 Disposal 
Presently waste, if not recycled, is dumped in landfill sites and at sea or incinerated. 
Dumping at sea, especially sewage sludge must cease in the UK by 1993. However as 
shown in Figure 6,25% say it will cease by 2000,25% by 1995 and 21% say it will never 
cease. Seventy five percent state that landfill will never cease. 
rigure t) 
8.1 Incineration 
Throughout Europe incineration is increasing as a method of reducing waste. Pollution is 
kept to the minimum with flue-gas cleaning techniques and very high temperature 
incinerators. Electrostatic precipitators, dry and wet scrubbers are the usual form of 
pollution control, however lime injection together with high temperature fabric filters are 
becoming more frequent, especially in Germany, to reduce the dioxins released. 
8.2 Landf ill 
Landfill is currently the cheapest method of disposal, however this will change as research 
is required into biodegradation processes. A key area for British research is the development 
of better land-use technology to stop run-offs from landfill sites. The majority of the costs 
of the research and implementation of the techniques will be passed down to the waste 
disposal companies and then to their customers. 
8.3 Waste Disposal Technologies 
There are many waste disposal technologies that have been developed e. g. supercritical 
water plasma, silver cullet and molten salt, but they all suffer from high cost and/or huge 
energy consumption and therefore none have been adopted commercially. 
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Pollution Control 
9.1 Research 
It was stated that there are many research areas within pollution control. There is also development work needed to produce new materials that generate less pollution. With 
regard to pollution control equipment, at present it is part of the process plant, however 
division will become difficult to identify in the future as closed-loop optimum processes arc developed. 
9.2 Air Pollution 
Levels of odour is a difficult area to enforce legislation as it is subjective and varies 
considerably between individuals. There is general legislation under the Public Health Act 
and the Environmental Protection Act, however it was stated many times in the results from 
the questionnaires that different areas enforce this law with varying degrees. German 
sewage works now have pollution control systems used to eliminate the smell, a move that 
would be welcome in other EEC countries. 
9.2.1 Products 
The following are products that are currently available to control air pollution: - 
Fabric filter dust collectors, sintered polymer dust collectors, wet scrubbers, cyclones, 
electrostatic precipitators, gas filters (pure static chimneys), catalytic convertors, Incinerator 
after-burners to reduce particulate carbon, activated carbon beds, wet oxidation, catalytic 
oxidation units, cold traps, condenser units, DeSOx, DeNOx, roadway washing, vehicle 
washing. 
93 Water Pollution Control Products 
The following are products that are currently available to control water pollution: - 
Neutralising chemicals, ion exchange filtration, sedimentation centrifuges, settling tanks, 
primary and secondary sewage treatment, membranes, biological effluent treatment, 
oxygenation v ozonisation, reed beds, deep shaft process, nitrate and phosphate strippers, 
clarifiers, aerobic digestion, anaerobic digestion. 
9A Noise Pollution Control Products 
The following are products that are currently available to control noise pollution- 
Cancellation by out-of-phase equivalent noise, ear protection, noise barriers, double 
glazing, specific equipment design, spectrum analysis, balancing/matching, noiseless 
bearings, screening by trees/walls/earth banks. 
10 Measurement Systems 
There appears to be a need for improvement In most monitoring systems. Areas that require 
improved systems, whether technological Improvements or cheaper and simpler systems to 
the ones currently available, arc explained below: - 
10.1 Odours 
The development of human sense remptors/bio-clectronic sensors as currently used by the 
military for nerve gas detection. Another area is the measurement of solvent smclls, the 
amount in the air is not proportionate to the intensity of the smell. 
10.2 Power Stations 
in particular the effect of them on the East Midlands. 
103 Vehicle Emissions 
Especially commercial vehicles, both gas and noise. 
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10A Water 
Viruses in the sea and water running off land into rivers. 
10.5 Cooling Towers 
Contaminants within the towers e. g. Legionnaires Disease. 
10.6 Air Pollution Analysis 
Simple, inexpensive systems to measure low level trace gases. 
10.7 Dioxins 
In liquids and gases. 
10.8 Volatile Trace Organic Compounds 
These are difficult to measure cheaply. 
10.9 Sensors 
The development of a cheap sensor (<E500 each) for mixed volatile organic chemicals and 
particulates. 
10.1o Ventilation Systems 
10.11 Light 
10.12 Noise 
11 Transportation 
Transportation is one of the major consumers of limited resources and producers of 
pollution. A few suggested battery or electric vehicles and bicycles, but the greatest 
response was for a change in attitude. 
The largest attitude change was to encourage mass transportation of people and freight. To 
do this it was suggested that the rail system be vastly improved, some mentioned the metro 
system, others stated the re-introduction of trams and more use of buses. Another method 
of promoting mass transportation is by road pricing, especially in city centres to keep 
private traffic away from built-up areas. 
When mass transportation is not possible car sharing should be encouraged. The 
development and planning of housing nearer work places where possible to reduce the need 
for travelling was suggested. Working from home is also now technically possible, but few 
appear to do this. 
It was stated that more use should be made of Britain's waterways and for cargoes that do 
not need to move quickly sail may come back at sea in the future. 
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Appendix 12 Second Questionnaire Report 
Second Delphi Questionnaire Report 
Domestic Issues 
Recycling 
CollectionfReposit Sites Available 
in the UK 
No Comment Oil tn74 
No 
Plastic Bottles Yes 
9 
0 u 
C-ardboaTd 
06ý 
Tin Cans 
Text ileý /Clothes 
0 10 20 30 40 50 60 70 80 
Percentage 
Figure 1 
Figure I shows that fifty one percent of the respondents said there are collection sites for 
textiles and forty three percent said there are none. Figure 2 shows that out of those that 
said there are no deposit sites twenty percent said there would be by 1995, twenty percent 
said there would be by 2000 and forty percent had no comment. Sixty six percent said 
there are tin can collection sites, twenty six percent said there are none, forty four percent 
of these said there would be by 1995. Sixty eight percent said there are collection sites for 
cardboard, twenty six percent said there are none, of those thirty three percent said there 
would be by 1995 and thirty three percent said there would be by 2000. Fifty one percent 
said there were no deposit sites for plastic bottles, of these sixty seven percent said there 
would be by 1995. Seventy four percent said there are collection sites for oil, twenty six 
percent said there are none, out of these forty four percent said there would be by 2000, 
thirty four percent had no comment. 
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Availability of a Segmented Bin for 
the Domestic Market 
No Comment 0 
Yes (31.0%) 
No (57.0%)- 
Figure 3 
Figure 3 shows that fifty seven percent of the respondents said there is not a product 
available commerciallv to contain waste in segmented compartments in order that sorting 
prior to recycling is simplified. As shown in Figure 4 out of those that said there is not 
such a bin available fifty five percent said there would be by 1995, thirty five percent said 
there would be one by 2000. 
rigure 4 
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The Date when Refuse Lorries will 
have Segmented Sections for Waste 
34 
35- 
-- --- - --- --- ----------- - ------- 
------------ - ----- 
20- 
-- --- - ------- 
'ARM 
10-1/ 
5. X 
By IQQ; Bý. ' AV5, Never No comment 
Figure 5 
Figure 3- shows that thirty four percent of the respondents said that refuse lorries would 
have segmented sections for waste bv 2000, twentv nine percent said there ývould be by 
1995. Apparently Leeds have already experimented with this type of system but the results 
were not encouraging. Some areas have refuse lorries with separate trailers for cardboard 
collection. 
Availabilitv of Aluminium/Tin Can 
Crushers for the Domestic Market 
Figure 6 
Figure i-) indicates that forty six percent of the respondents said there are aluminium and 
tin can crushers available for the domestic market, forty three percent said there are not. One rcýpondent explained that the companv that collects from their area demands that the 
cans -. re not crushed. Apparently Eton college has a can crusher but the respondent Stlid 
that :t-, wuld be too large for domestic use. 
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I Figure 7 shows that from those that said can crushers are not currently available, forty 
seven percent said there would be one by 1995. 
rigure i 
Legislation Introduced in the Following 
Areas? 
3 
Public Enforced to DL5p(ý "diely 
Public Enforced to Recvc1c 
54 
0 10 ýO 30 40 50 60 70 80 90 
Percentage 
rm Yes No \oCornmw qt 
Figure 8 
Figure 8 shows eighty eight percent of the respondents stated that they believe the general 
public will be enforced to dispose of waste safely in the future, one respondent said that 
they already do this. From those that said yes Figure 9 shows that forty two percent 
thought this would occur by 2000, thirtv two percent thought by 1995. Fifty four percent 
said that the general public will be enforced to recycle, thirty seven percent said thev 
would not be enforced. From those that said this would occur forty two percent said this 
would be enforced by 2000, thirty seven percent by 2005. 
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The Dates when Legislation will be 
Introduced in the following Areas? 
Public F-morced to Dupose Safek 
Public Enior-d to Recycle 
By 199 By 2000 By 2005 
2005+ No Comment 
Figure 9 
Figure 10 and 11 give the current levels of recycling of "white" products, televisions and 
batteries, followed by the dates when recycling of these products may increase. 
The Current Levels of Recycling of 
the Following Products 
76-100% 
MEMEW69 
Battenes M)49 30 
M26 ii 
"'0', ----------- - ----- --------- 6,1 
76-100% 
77, 
Televisions 50-75% 1 
1-4 
<0 
11151 
76-100% 
"White' Products 57 50- 75 
<50% 
0 1,0 io ýO ýb ýO 40 70 8'0 
Percentage 
Yes No M No Comment 
Figure 10 
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"Mite" Products 
Figure 10 shows that fifty four percent of the respondents believe that less than fifty 
percent of "white" products such as fridges, cookers, freezers, etc. are currently being 
recycled, twenty six percent state they are not being recycled. Figure 11 shows that from 
those that stated no, fifty six percent said that these will be recycled by 2000, thirty three 
percent made no comment. 
Thirty seven percent said that fifty percent to seventy five percent of "white" products are 
not currently being recycled, fifty seven percent had no comment. From those that said 
they are not currently being recycled, thirty eight percent said they would be by 2000, 
thirty eight percent said by 2005 and eight percent said they will never be recycled to this 
extent. 
Thirty seven percent said that seventy six percent to one hundred percent of "white" 
products are not currently being recycled, fifty seven percent had no comment. From 
those that said thev are not currentfy being recycled forty six percent said they never 
would be. 
Televisions 
Figure 10 shows that fifty one percent of the respondents state that less than fifty percent 
of a television cannot be recycled, thirty two percent said that they can be recycled. 
Twenty eight percent of thosý that said they are not currently being recycled said they 
would be by 2000, twenty two percent said that they never would be recycled. 
Thirty one percent said that fifty to seventy five percent of televisions are not currently 
being recycled, sixty nine percent had no comment. Of those that said they are not 
currently being recvýled, thirty three percent said they would never be recycled, thirty 
three pýrcent said ihey would be by 2000, eighteen percent said by 1995. 
Twenty three percent of the respondents said that between seventy six percent and one 
hundrýd percent of televisions are not currently recycled, seventy seven percent made no 
comment. From those that said that televisions are not currently being recycled, seventv 
percent said they never would be. 
Batteries 
Sixty three percent of the respondents said that less than fifty percent of batteries can be 
recycled, eleven percent said they could not be recycled. From those that said no twenty 
five percent said they would be ýy 1993, twenty five percent said by 2000, twenty five 
percent by 2005 and twenty five percent made no comment. 
Fort%, percent said that fifty percent to seventy five percent of batteries could not be 
recycled, forty nine percent had no comment. From those that said they could not be 
recycled sixty four percent said they would be by 2000, twenty one percent said by 1993. 
Thirty one percent of the respondents said that seventy six percent to one hundred percent 
of batteries are not currently recycled, sixty nine percent made no comment. Of those that 
said thev are not currently being recycled, thirty nine percent said that they never would 
be recyýled. 
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Figures 12,13 and 14 show the current level of recycling of cars, fast food containers, 
wooden furniture, batteries (specifically not lead), oil products, industrial and domestic 
plastics, construction material and soft furnishing, followed by the dates when recycling 
of these products may occur. All of these products were suggested by particular 
respondents, therefore they are not the views of everyone. 
Figure 14 
Cars 
Figure 12 shows that eighty six percent state that less than fifty percent of cars are currently 
being recvcled, f6urteen percent said that they are not. Figure 13 shows that all of tile 
respondents to this question who said that they were not being recycled currently, stated 
they would be by 2005+. 
Twenty five percent said that fifty to seventy five percent of cars can currently be recycled, 
seventy five percent said that they can not. From those that said they can not sixty seven 
percent said they would be recycled by 2000. 
Fifty percent of the respondents to this question stated that seventy six percent to one 
hundred percent of cars can be recycled, fifty percent said they can not. Of those that said 
they can not, fifty percent said ihey never would be recycled to that extent and fifty 
percent said they would be by MOO. 
Fast Food Containers 
The respondents who put fast food containers as being recycled stated that none are 
presently recycled. The answers of when they will be recycled are evenly distributed 
among the categories. 
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Wooden Furniture 
Figure 12 shows that the respondents who suggested wooden furniture believe that none 
is currently recycled. Figure 13 shows that fifty percent state that less than fifty percent 
of wooden furniture will be recycled by 2000 and fifty percent by 2005+. All of those that 
stated fifty percent to one hundred percent of wooden furniture not being recycled 
currently said it would be by 2005+. 
Batteries (Specifically not lead) 
Fifty percent stated that less than fifty percent of batteries are being recycled, fifty peicent 
said they are not. Of those that said ihey are not they all said they would be recycling less 
than fifiv percent by 2000. 
All of the respondents who answered whether seventy six percent to one hundred percent 
of batteries are being recycled stated they are being. 
Oil Products 
All of the respondents that answered whether less than fifty percent of oil products are 
being recycled said they are. 
Fifty percent state that fifty percent to seventy five percent of oil products are not recycled, 
fifty percent state they are being recycled. Figure 14 shows that all of those that said they 
are not currently being recycled saia they will be by 2005. 
All of the respondents put that seventy six percent to one hundred percent of oil products 
are not currently being recycled and would never be recycled. 
Industrial and Domestic Plastics 
All of the respondents stated that none of these are currently recycled but less than fifty 
percent will be by 2000. 
Construction Materials 
Fifty percent state that less than fifty percent of construction materials are being recycled, 
fiftý, percent state they are not. Of those that said they are not they all say that less than I. fifty percent will be recycled by 2003. 
All of the respondents state that between fifty percent and seventy five percent of 
construction materials are not being recycled but they will be by 2005. 
All of the respondents state that seventy six to one hundred percent are not currently 
recycled and never will be. 
Soft Furnishings 
I 
All of the respondents to this question said that less than fifty percent of soft furnishings 
are recvcled. 
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Glass 5 
Plastic B 
Alurniniurn 
Tin 
Percentage 
5p 10p M 25p 
50p 75p M None 
Figure 15 
Figure 15 sho,. N, s that thirty seven percent of the respondents are prepared to pl\, an C\tr. ý 
5p towards a tin can which would be returned when the can is deposited. TýNcnt\- -,; 
i\ 
percent would pay an extra 10p and twenty eight percent would not pay any extra. ' 
Forty nine percent are prepared to pay an extra 5p towards an aluminium can, týý'Cntý, six 
percent an extra 10p and fourteen percent said none. 
Forty percent are prepared to pay an extra 5p towards a plastic bottle, t%%, eiitv nine percent 
an extra 10p and seventeen percent said none. 
Forty nine percent are prepared to pay an extra 10p towards a glass bottle, t%-,, entý- percent 
an extra 5p and eight percent said none. 
Manv stated that they already return cans and bottles at a personal cost, eg transport co,,, tý, 
and time. Some thought this scheme a good idea but costly to undertake and there WOUILI 
be problems unless it was a universal scheme. 
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Extra Prepared to Pay as a Deposit 
For the Return of Containers 
Air Pollution 
The Protection used by the General 
Public when causing Dust 
17 9ý n3 2%) 
4%0 
ý U- . ýA & C.. W- (M 7ý ý 
Figure 16 
Figure 16 shows that seventy four percent of the respondents use face masks and goggles 
as protection against dust wýen completing DIY work. Thirteen percent hire dust control, 
five percent buy dust control and eight percent do not do anything. One respondent stated 
that he also used a conunercial vacuum cleaner, another hired dust control dependent on 
the nature of the dust. Someone else stated that they did not regard this as a significant 
contribution to the total particulate air pollution. 
The following table shows how much the respondents are prepared to pay for each of the 
solutions mentioned in Figure 16. 
Solution E2 - -, c: 5 : EIO f: 15 - 
E20 ý f: ý 'E50 No T tal 
Comment_ 
- 
Percentage 
- 
Hire Dust Control 0 20 20 0 20 40 
] 
100 
Mask & Goggles 36 11 28 4 0 21 100 
-d 
Buv Dust Control 0 0 0 0 50 50 100 
The respondents gave the following DIY products as being hazardous: - 
Tools 
Saws, Edge Tools 
Mowers 
Drills 
Planes 
Sanders 
Strinimers(Eye Protection) 
Welders(Flash Burns) 
Power Tools 
Materials 
Paints, Corrosive Agents 
Thinners 
Solvents 
Glues 
Varnish 
Strippers 
Timber Treatment Liquids 
Cement Dust 
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General 
Figure 17 
Figure 17 indicates that forty five percent of the respondents believe that companies that 
are not considering environmental issues by 2005 will not survive. One respondent 
thought this to be a silly question. Another stated that small businesses are impossible to 
control and will only comply if a fundamental change occurs in society or in business 
attitudes. 
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Industrial Issues 
Recycling 
Figures 18 and 19 give the current levels of recycling of computers and print cartridges, 
followed bv the dates when recycling of these products mav increase. 
The Current Levels of Recycling of 
the Following Products 
76%-10017,71 
Print Cartridges t, 5017,75 
<5017, 
63, 7617-10017. 
Computers 50%-7- % 
! 
'q 
<50% 
ýO ýO 60 810 
Percentage 
Yes No No Comment 
Figure 18 
Comniters 
Figure 18 shows that thirty seven percent of the respondents state that less than fittv 
percent of computers are currently recycled, forty three percent state thev are not. Fi'ýurc 
19 inciicates that of those that say they are not being recycled, thirty three percent Sav thev 
never be, twenty seven percent said that they will be by 2000. One responden t sav s 
that precious metals are currently recovered but never fifty percent. 
Thirtv one percent of the respondents stated that fifty percent to seventv five percent ()I 
comFuters are not recycled, sixty nine percent made no comment. From those that saiLl 
thev are not currently being recycled forty six percent said they would be by 2000. 
Thirty -seven percent of the respondents thought that seventv six percent to one hundred 
percent ot computers are not currently recycled, sixty three percent niade 110 C0111111011t. 
Of those that stated that they are not ýurrently recycled thirty six percent Said tll(w never 
would be. 
292 
Q) 
.wZ t4-, U 
CD U 
tzc 
r. >-ý 
r. M 
--------- --------- --- ------ ------ ------ 
- -------------- ------ ------- - 
--------- -------- ---- ------ --- ------- -------------- ------ ------- - 
IC 
Cf) 
---------- -------- ---- ------ --- ---- -------------- ------------- - 
-- --- -------- -- 
--- 
-- -- 
--- 
--- 
---- -------------- 
.... ...... 
-- --- -------- -- 
------ --- --- ----------- 
-- --- -------- ---- --- --- ---------- 000 ----- 
- 
--- -------- 
I - 
d-ý c- 61- ez Gý sý 
CD U') CD CD Lf) CD 
CD t" u-) cz Ln v v 
CD cz 
"IZ 
Lr) 
CY) 
r, 4 
C14 
Lr) 
if) 
Ln C: ) 0 r, 4 
IN 
C) 
CD 
C: ) 
t -ný 8 
Lr) 
01\ 
+ 
r-mn_ 
a' 
I.. 
293 
Printer Cartridges 
Twenty six percent of the respondents thought that less than fifty percent of priliter 
cartridges are being recycled, thirty four percent stated that they are not. Of tho"e savilij, 
no forty one percent said they would be by 2000. 
Thirty seven percent of the respondents thought that fifty percent to seventy five percelit 
of printer cartridges can not be recycled and sixty three percent made no comment. Of 
those that said they are not being recycled, thirty percent said they would be bv 2000. 
Twenty nine percent said that seventy six percent to one hundred percent of printer 
cartridges are not recycled and seventy one percent made no comment. Of those that saiLi 
they did not currently recycle, thirty percent said that they would be but beyond tile year 
2005 and thirty percýnt said they never would be recycled. 
Figure 20 and 21 show the current levels of recycling of plastic cling wrap, consumable 
stores packaging, wooden pallets, telephones and liquid wastes, followed by the dates 
when recycling of these products will increase. As these products were specified bv 
particular respondents they were not answered by everyone. 
The Current Levels of Recycling of 
the Following Products 
Liquid Waste 50%-75% 100 
Telephones 76%-100% too 
Wooden Pallets <50% (X) 
76%-100% : i, !!!!!!.: 
L 100 
Consumable Stores Packaging 50%-75% too 
<50% ::::::::.. I 
RX) 
76%-100% 100 
Plastic Cling Wrap 50%-75% 1 oo 
<50% 100 
0 10 iO -ýO 46 
ýO ýO ýO ý()-I 00 
Percentage 
Yes = 
Figure 20 
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The Dates when Recyclin f the 
Following Products may'Ulcur 
Liquid Waste 50%-75% 1 (X) 75 7 50 5 
Telephones 76%-100% 676-1 7 7 6 00 
Wooden Pallets <50% 3100 
76%- 7, 76%-100% 7 
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Figure 21 
Plastic Cling Wrap 
All the respondents state that less than fifty percent of cling wrap is currently recvcled. 
Figure 21 indicates that fifty percent to seventy five percent of plastic cling wrap will be 
recycled by 1995. Seventy six percent to one hundred percent of plastic cling wrap will be 
recycled by 2005. 
Consumable Stores Packaging 
Less than fifty percent of consumable stores packaging will be recycled by 2000, fiftv 
percent to seventy five percent will be by 2005 and seventy six percent to one hundreý 
percent will be recycled beyond 2005. 
Wooden Pallets 
By 2000 less than fifty percent of wooden pallets will be recycled. 
Telephones 
Seventy six percent to one hundred percent of telephones will be recycled beVond 2005. 
Liquid Wastes 
Fifty percent to seventy five percent of liquid wastes will be recycled by 2005. 
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Figures 22 through to Figure 30 predict when products will be recycled to a greater extent 
than they are currently. For each product there are five reasons given that may increase 
the recycling of those products. The respondents were asked to indicate by which year the 
reasons would become effective and lead to increased recycling. 
One respondent pointed out that for all of the products he answered as a user company, 
the response from a manufacturer of that product may differ. 
Paper 
Figure 22 shows that forty percent of the respondents state that legislation on the quantity 
of paper disposed from a business in the conventional method would be imposed by 2000 
leading to further recycling, twenty three percent said this would never occur. 
Twenty six percent state that the cost of disposal will become too high by 2000 which may 
increase the recycling of paper, twenty three percent said that by 1995 that will be the case. 
Twenty six percent state that the cost of raw materials will never be so high that increased 
recycling will have to occur. 
Thirty one percent said that recycling may occur due to reduced availability of raw 
materials beyond 2005, twenty percent said this will never happen. 
Thirty three percent thought that an internal recycling process would be available at the 
right price by 2000. 
Rubber 
Figure 23 indicates that twenty six percent said there will never be legislation imposed on 
the quantity of rubber disposed from a business, twenty three percent said there will be 
by 2000. Thirty ofie percent thought that the cost of disposal will become too high by 2005 
which will lead to increased recycling. Thirty one percent state that the cost of raw 
materials will become too high beyond 2005. Thirty four percent state that the availability 
of raw materials will not decrease until beyond 2005. Twenty three percent believe that 
an internal recycling process will be available by 2003. 
TextileslFibres 
Figure 24 shows that twenty nine percent of the respondents believe legislation regarding 
the quantity of textiles/fibres conventionally disposed of from a business will be enforced 
by 2000, twenty six percent said there wifl never be legislation. Twenty three percent state 
the cost of disposal will become too high by 2000, twenty three percent also Said this will 
be the situation by 2005. Twenty six percent thought that the cost of raw materials would 
become too high by 2005 and twenty three percent beyond 2005, leading to increased 
recycling. Twenty nine percent of the respondents thought that the availability of raw 
materials will never be a problem, twenty three percent thought it will be by 2005. 
Twenty three percent thought that an internal recycling process will be available at the 
right price by 2000. 
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Glass 
Figure 25 shows that thirty four percent state that there will never be legislation imposed 
on the quantity of glass disposed in the conventional method. Twenty percent thought that 
the cost of disposal would become too high by 2000 leading to increased recycling, twenty 
percent beyond 2005 and twenty percent said this will never occur. Twenty six percent 
said that the cost of raw materials will become too high beyond 2005, twenty six percent 
said this will never occur. Forty percent of the respondents said that the raw materials will 
never be exhausted. Thirty one percent state that an internal recycling process will be 
available by 1995 and twenty nine percent said by 2000. 
Solvents 
Figure 26 indicates that fifty one percent of the respondents said that legislation on the 
quantity of solvents disposed will be enforced by 1995. Forty nine percent said thai the 
cost of disposal will become too high by 1995. Twenty nine percent said that the cost of 
raw materials will become too high by 2000, twenty six percent said this will occur by 1993 
leading to the increase of recycling. Twenty percent said that the reduced availability of 
the raw materials will occur by 2005, twenty percent said this will not occur until beyond 
2005, and twenty percent state this will never happen. Thirty seven percent said that 
internal recycling processes will be available at the right price by 1995. 
Metals 
Figure 27 shows that twenty six percent of the respondents state that legislation of the 
quantity of metals disposed will be enforced by 2000. Thirty four percent said that the cost 
of disposal will become too high by 2000 which will lead to increased recycling. Twenty 
three percent believe that the cost of the raw materials will become too high by 2000, 
twenty three percent said they will by 2005. Seventeen percent said that there will be 
reduced availability of raw materials by 2000, seventeen percent state this will occur 
bevond 2003 and seventeen percent state that there will never be a reduced availabilitv. 
Tiýenty nine percent said that there would be an internal recycling process available ýy 
1995. 
Oil 
Figgure 28 shows that thirty four percent of the respondents said that legislation will be 
introduced regarding the quantity of oil disposed from a business by 1993. Thirty seven 
percent said that the cost of disposal of oil would become too high by 1995. Twenty nine 
percent said that the cost of the raw materials would lead to more recycling by 2005, 
twenty six percent said by 2000. Twenty six percent state that there will be reduced 
availability of raw materials beyond 2003, twenty percent by 1995 and seventeen percent 
said oil will never run out. Thirty four percent said that an internal recycling process will 
be available by 1995. 
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Plastics 
Figure 29 shows that thirty four percent of the respondents said that legislation will be 
enforced on the quantity of plastics disposed by 2000. Twenty eight percent said that the 
cost of disposal will become too high by 2005, twenty three percent said this will occur by 
1995. Twenty nine percent state that the cost of raw materials will become too high by 
2000, twenty six percent by 2005. Twenty three percent state that reduced availability of 
raw materials will occur by 2005, twenty percent said this will happen beyond 2005 and 
twenty percent said this will never occur. Twenty nine percent said that there will be an 
internal recycling process by 2000, twenty one percent said this will occur by 2005. 
Aluminium Cans 
Figure 30 shows that thirty one percent of the respondents believe that legislation on the 
quantity of aluminium cans disposed from a business will be introduced by 2000, twenty 
nine percent state this will never happen. Twenty three percent state that cost of disposal 
will become too high by 2000, twenty three percent said this will occur beyond 2005 and 
twenty three percent said this will never occur. Twenty six percent said that the cost of 
raw 'materials will be too high by 2000, twenty three percent said this will occur by 2005. 
Twenty four percent said that the availability of raw materials will never arise. Thirty 
seven percent state that there will be an internal recycling process by 1995, twenty six 
percent said there will be by 2000. 
Waste Disposal 
Dpr 
Whether there is LeV; ýtion f the 
Ma)dmum Quantity ot aste isposed 
No Comment 0 1.0%) 
-yes, (26.0%) 
No (63.0% 
Y, 
31 
Figure 31 shows that sixty three percent of the respondents said there is not legislation for 
the maximum allowable quantity of waste disposed from individual businesses, twenty 
six percent said there is legislation. These included the nuclear industry, metals and toxic 
chemicals and slurry spread from farms onto the land. The Environmental Protection Act 
is also progressively being introduced into various industrial sectors between 1991 and 
1995. Legislation is in place for emission control but not for solid waste however landfill 
sites have limits on heavy metals and pesticides within in-coming waste streams. 
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rigure iz 
From the sixty three percent that said legislation is not currently enforced, fortv one 
percent said that there would never be legislation introduced. More speciiically 
respondents from the food and drinks industry state that there will never be legislation on 
the quantity of waste disposed. The rubber and plastic industry state that there will be 
legislation introduced by 2000. Accountancy services believe there will be legislation 
within their sector on the quantity of packaging and computer paper disposed by 2005. 
Incineration 
What will Happen in the Future with 
Regard to the Following Incinerators 
Sewage sludge 4 
Household waste 
Industrial was e 
Internal boilers 31 
6 l'O 10 k 40 50 60 70 
Percentage 
They will need re-equiping with air pollution Lontrol methods. 
M (-s, doý = Remam the Same M increase the Number C:: 3 No Comm 
rigure -3-1 
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Figure 33 shows that twenty nine percent said that internal company boilers will close- 
down, twenty nine percent said they will remain the same and thirty one percent said the 
number will increase. Sixty nine percent state that the number of external incinerators for 
industrial waste will increase. Fifty one percent state that the number of incinerators for 
household waste will increase and sixty percent said that they would increase for sewage 
sludge incineration. 
Whether the Technology iS Available 
to do the Following 
Lnanerat2on of plwtiý for energy soum 
Lncnffation of solýmv 
LandfiU gases used ý energy so-i 
Incineraton of rubber for energy ýmt 
Lncineration of ni I 
Imaneration sewage sludge for energy 
Percentage 
FýYes No 
I- 
Figure 34 
Sixty six percent of the respondents state that sewage sludge incinerators which create 
energy are technically possible. Sixty three percent said that the incineration of rubber is 
technically feasible. Forty percent state that incineration of rubber for an energy source can 
be done, thirty seven percent state that it is not possible, of these fifty four percent said 
it will be possible by 2000. Seventy four percent said that landfill gases can be used as an 
energy source. Sixty nine percent state that incineration of solvents is feasible. Forty six 
percent of the respondents state ihat incineration of plastics for an energy source can be 
completed, thirty four percent said it is not feasible, forty two percent of those said it will 
be possible by 1995, forty two percent said by 2000. As one respondent pointed out these 
are technically possible but whether it is economic to do so is another matter. 
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Air Pollution 
Figure 36 
Figure 36 shows that forty six percent of the respondents state that air pollution control is 
currently an integral part of the production process. One respondent said it is for large 
companies building new plant in the developed world. It is currently integrated in the 
chemical industry but . AAII improve where possible. It will be integral in the rubber and 
plastics industry by 1995. It is currently in the iron and steel industry. 
The Availability of Heat Exchangers for 
Ventilated Air 
No Comment (2,3.0': 
No (6.0%A 
Vigure 37 
Seventy one percent of the respondents state that heat exchangers are available to relleat 
ventilated air in the winter and cool it in the summer. An example of this is the heat wheel 
but as one respondent states the efficiency of these are dubious. 
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Figure 38 shows the dates when the respondents who state there are no industrial heat 
exchangers, believe they will be available. 
The Date when Heat Exchangers will be 
Available for Ventilated Air 
By 2000 (50.0%CID -By 1995 (50.0%) 
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Closed-Process 
Figure 39 shows that forty percent said that a closed-process will occur by 2000 because of 
the cost of waste disposal becoming too high. Twenty eight percent state that this will 
occur by 2005 because of the cost of the raw materials becoming too high, twenty six 
percent said by 2000. Forty percent said by 2000 a process optimisation plant will become 
available at the right price. Thirty four percent said that by 1995 the quantity of waste will 
need to be reduced which will lead to process optimisation. 
One respondent states that the cost of waste disposal will never become too high as the 
waste industry will be competing and market forces will take place. The food and drinks 
industry will alwýys have waste, action will be taken to limit, control and recycle the 
waste but the major factor is the cost effectiveness of process optimisation. 
Some respondents referred to specific industries with their answers, these are given 
below: - 
Rubber and Plastics 
The cost of waste disposal will become too high by 2000, the cost of raw materials will 
become too high by 2005. Process optimisation will be available for the right price by 2005. 
The need to reduce waste will be present by 2000. 
Chemicals 
The cost of waste disposal will become too high by 2000 another respondent said by 2005. 
The cost of raw materials will become too high by 1995, another said beyond 2005 and 
another said this will never occur. Process optimisation will become available at the right 
price by 2000, another said by 2005. The need to reduce the quantity of waste will be 
present by 1995. 
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New Plant 
The cost of waste disposal will become too high by 2005, the cost of raw materials will 
become too high by 1995. Process optimisation will be available at the right price by 2000 
and the need to reduce the quantity of waste will be current by 1995. 
Research & Technology 
Are Plastics being Developed to be 
Incinerated less Harmfully 
Figure 40 
Sixty six percent of the respondents state that plastics are being developed to be recycled 
and incinerated more effectively and less harmfully. One of the respondents although 
stating that they are currently doing this admitted that this was still only in a very small 
way. 
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Figure 41 indicates when the respondents believe plastics will be developed to be less 
harmful. 
When will Plastics be Developed to be 
Incinerated less Harmffilly 
By 1995 (14.0%) 
No commmt (43-0% )-4 
By 2000 (43.0%) 
Figure 41 
When will Electronic Data Supersede 
Paper 
, By 1-000 (11.0%) 
By 2005 (6.0%) 
'V ,,, 
2005+ (9.0%) 
Never (74.0(7:: 
Figure 42 
Figure 42 shows that seventy four percent of the respondents said that paper will never be 
completely superseded by electronic data, many respondents put that by 2005 there %vill 
be a considerable reduction in the use of paper. 
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Environmental Engineering 
Figure 43 
Forty three percent said that environmental engineering with regard to products being 
designed to be recycled will be widespread by 2000. One respondent states that some 
products will never be recycled. 
Are Tax Incentives, Preferential 
Interest Rates Likely to Occur to 
Encourage Capital Spend on Environmental Issues 
44 
Figure 44 shows that eighty two percent of the respondents believe that tax incentives and 
preferential interest rates are likely to occur to encourage capital spending on 
environmental research, products, production processes and materials. 
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Figure 45 
Figure 45 shows that forty five percent of those that believe there will be financial 
incentives to encourage environmental engineering state that this will occur by 2000. 
Will Environmental Audits be Completed 
Throughout Industry in the Future 
No Comrnt-pt 0 4.0", ) 
No (6.0ýý 
Figure 46 
Figure 46 indicates that eighty percent state that environmental audits will be completed 
throughout industry in the future. The chemical industry are currently undertaking 
environmental audits. EC regulations are drafted and will be in place by 1995 regarding 
this area. 
31o 
Figure 47 
Figure 47 shows that fifty seven percent state that industries will be completing 
environmental audits by 2000. The rubber and plastics industry expect to be by 1995. One 
respondent states that all large companies wiH be by 2000, small companies will not bother 
unless forced to by law and even then they wiH not be able to bear the cost. 
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Appendix 13 Final Questionnaire Report 
Domestic Issues 
Figure 1 shows that most of the respondents did not know of any plastic bottle sites. 
Oil, cardboard and tin cans have Council run deposit sites and most textiles and 
clothes went to charities. 
As 31 % of the respondents said they had seen a segmented bin in the last 
questionnaire, this one asked them to name the company manufacturing them the 
answers were as follows: Seen in Denmark, Bosch, Lakeland Plastics, SULO, I saw 
it in the Design Magazine might be Addis but not sure, compartmental collection bin 
supplied by local authority, I believe these are required by law in California and New 
York states. 
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Methods of Collecting Domestic Waste 
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M None Known Deposit Sites EM Charity Collection 
O]EB Garage Landfill Other 
Figure 1 
Forty six percent of the respondents previously said there were can crushers 
commercially avilable for domestic use, the suppliers were named as follows: Hobart 
for domestic compactor ask CMB for compactor for recycling of domestically 
appeasing cans. Seen in Industrial Equipment catalogue. Again I think Lakeland 
Plastics sell one. The scrap dealer who takes the school skip of cans specifically asks 
that cans are NOT CRUSHED! No I use a Club Hammer. Dr Martens. I crush cans 
with my booted foot! Domestic garbage compactors are common in the USA. 
Available as product LK71 IA from Innovations Euroway Business Park, Swindon. 
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Industrial Issues 
Figure 2 shows most thought that there were 1-5 municapal. household waste 
incinerators, industrial waste incinerators and landfill gas collectors ued to produce 
energy. Most thought there were no rubber or plastic burning incinerators producing 
energy. The results for sewage sludge incinerators producing energy were split 
between those believing there are none and those saying there are 1-5. Other 
comments were as follows: I've read about household and industrial incinerators and 
plastic incinerators producing energy but would not know the numbers in use. There 
are 3 landfill gas collectors on a site not connected to the national grid. A rubber 
incinerator to produce energy is being built in Birmingham (Elm Industries). 
The Number of Incinerators 
Known ]a the Panel 
Landfil Gas ColeclDrs produring Energy 
Mastic Incinerators producing Energy 
Rubber Incinerafors producing Energy 
Sewage kwineralars producimg Energy 
lndu3lrid Wasis IncTnerolors 
Municipd Housahold Waste kminerators 
10 12 14 16 
Number of Responses 
mo MI-5 M5-10 
EMO 10-20 M 20-30 EZý Over 30 
Figure 2 
The respondents were asked to name heat exchangers known to them and rate their 
performance the results are shown in Figures 3 and 4. 
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Methods of Heating Ventilated Air 
& The Effectiveness 
I-- /I 
Flate recuperator 
Myson convector 
Munter's Wheel 
Parallel flat 
Fin call 
Steam Heated Coils 
Electrical 
Gas Boiler 
1.2 1.4 1.6 1.8 2 
Number of Responses 
Exceleni Very Good EM Good 
Poor very Poor 
Figure 3 
MefhodS of Cooling Ventilated Air 
& The Effectiveness 
HBO] whaef 
Plois recuperafor 
Sumer run/slec spock 
FTn Con 
Refridgiwation(CFC) 
0 0.7 0.4 0.6 0.5 1 1.2 1.4 1.6 1.5 
Number of Responses 
Excelleni Very Good EM Good 
Poor very Poor 
Figure 4 
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Figure 5 shows the date by which industrial waste will be eliminated or much reduced 
37 % said beyond 2005,33 % said never and 15 % by 2005. 
When will there be no or much reduced 
waste from industry 
No comment 0 1. M 
2000 (3.7%) 
2005 (14.8%) 
Never (33.3%) 
2005+ (37.0%) 
Figure 5 
Thirty-nine percent said that the reduction of paper use will never get to 25 % of the 
present levels, 23 % said it would by 2005. A comment was that experience of EDT 
systems to date suggests that they use more paper not less! 
The final question was regarding environmental audits, 48% said the completion of 
them would be by external bodies, 41 % said they would be internally. Of those that 
said external bodies will undertake the audits, 44% said this would be by government 
institutions, 39% said by specialist consultants. 
The respondents were asked the extent to which they agreed with the results from the 
second questionnaire, the majority continued to agree with them. Other comments 
were as follows: I don't see how I can agree or disagree with your experimental data- 
they are results of a questionnaire and I accept them. Perhaps you should give some 
thought to rephrasing this question. Found it very difficult to decide where to tick 
most of these as it calls for an overall view of a range of responses (in which, 
somewhere is ones own original view)! 
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The respondents gave the level of interest they found in this research, the results 
follow: 
Very interesting 8% 
Interesting 38% 
Somewhat interesting 35% 
A little interesting 15% 
Not at all interesting 4% 
The final comments of the respondents are given below: 
I think your initial letter was misleading in that I got the impression you were going 
to ask questions on a topic where I have some expertise. As far as pollution goes I 
am no more than an informed amateur. I would not have taken part if I had realised 
how little I could contribute. 
It has got less interesting (frankly much too detached and complicated) as it 
developed. The second report is extremely difficult to follow and draw conclusions 
from, so I place little confidence on my answers above! 
Might have been better to reach agreement on range and purpose of questions before 
embarking on survey. Far too many questions were either ambiguous or related to 
hard facts. Are you testing awareness or seeking consensus opinion on unquantifiable 
predictions? (Delphi is classically about the later). 
Difficulty in resolving some answers alongside questions as important illustrations ran 
on in different numbers sequence. Need for clearer relationships of answers to 
questions to guide contributor. 
The basis is flawed due to the uncertain nature of many of the questions. For 
example, in Q4 of this questionnaire "how many ... are known". However it is not 
clear if you mean how many "in this country", "in the world. " Also what is meant 
by "known" do you mean "having read about", "have heard about" "think there is" 
This sort of thing indicates it virtually impossible to answer with any confidence. 
Interesting? Yes but I'm not sure I was fully qualified to participate. Further the 
volume of numerical data recovered is huge - it will need some very effective analysis 
to extract the most relevant information! 
As you may be aware Pera International is involved in environmental management 
consultancy. I feel that it is a very encouraging thing that a company such as DCE 
should be interested in the industrial/public awareness of environmental issues that 
they are having this research carried out. I believe from the answers that you have 
received that "it looks like something is going to happen by 2005" but that current 
awareness levels are low. This is understandable in some of the technology areas but 
is more worrying when it occurs in areas relating to legislation, etc. As we are a 
322 
local company, if you would like to discuss your final conclusions, please feel free 
to contact me. 
I would very much like to see better opportunities for domestic users to have access 
to recycling stations where more than paper/glass/cans can be deposited. We used to 
have a cardboard outlet but this has closed down. Bring back deposit bottles! 
There cannot be enough research and development into this vast and immensely 
important subject of modern present day production, working and domestic housing. 
Material resources simply cannot keep up with current demands, constantly 
increasing, and native and material recycling joint cannot cope with all the waste and 
worn out items which have to be disposed of. It is encouraging that governments 
worldwide are taking more and more interest in this subject, and every single 
individual has a responsibility to be involved. The organisation "Rotary International 
has an ongoing requirement for its members "Save Planet Earth! " 
The last questionnaire is too demanding it requires detailed evaluation of multiple 
answers to questionnaire 2. The results are likely to be of little value. Few people 
have the time or inclination to make judgements of the nature asked. 
I found this questionnaire hard as some answers were so long and involved I totally 
agreed with some bits and did not agree with others hence a vote of (3). 
The reference numbers of the questions in the second questionnaire ought to have 
been added to the related section of the report to ease ones referencing. Without such 
numbering, the answering of the second half of the final questionnaire was very 
tiresome. 
The results fail to tell me much -I feel clear conclusions eg to compare your samples 
views with reality of: 
% of wastes currently recycled 
suitable technology is/or is not available 
whether legislation exists or not 
what is happening elsewhere in the world 
and interpretation of the findings are needed. The findings that 49% of respondents 
think that 10p on glass or 5p on aluminium cans is acceptable as the cost of recycling 
is however very interesting. 
Since commencement of this survey my views have changed somewhat. Possibly 
other respondents may also have changed views? Look forward to the final resultl 
I'm sorry I am not prepared to spend 2 hours reviewing the data presented and 
answering the questions. The poll findings were of interest but to then assess whether 
they are accurate in my opinion is not a good use of time and I am not sure the results 
will be very valued. Lastly, the report is structured to make such appraisal very 
difficult since the results are not numerically linked to the questionnaire. I suggest 
you reissue in more digested form. 
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I would like to receive a complete list of names and addresses of companies who 
supply recycling equipment. It would have been far easier if you had better identified 
the questions with the data you wanted me to comment on! As it is, I got completely 
lost towards the end!! Your report appears to end prematurely at page 18- was there 
any more? 
I have found this research of interest in both the domestic and industrial areas. I 
congratulate you on an extensive study which I trust will be of use to yourself and 
DCE. 
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